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(54) OPTICAL COMMUNICATION PATH 

(57)Abstract: 

PURPOSE: To provide the optical communication path for 
satisfactorily holding transmission characteristics by 
performing adjustment so that the amplified peak wavelength 
of a repeating amplifier can be matched with the transmission 
wavelength of changed signal light after an optical 
transmission line is laid and an optical communication system 
is operated. 

CONSTITUTION: In this optical communication path, 
transmission optical fibers 401-40N laid between a 
transmitter 10 and a receiver 20 are connected over N steps 
by repeating amplifiers 302-30N, At the repeating amplifier 
30M, a variable optical attenuator 70M is connected to the 
output terminal of an optical fiber amplifier 50M. The 
attenuation amount of signal light at this variable optical 
attenuator 70M adjusts the repetition loss of signal light 
together with the loss amount of signal light at the 
transmission optical fiber 40M in the following step, and the 
amplified peak wavelength of a repeating amplifier 30M+1 in 
the following step is set so as to be matched with the 

transmission wavelength of signal light Therefore, the signal light is amplified by the repeating 
amplifier 30M+1 in the following step into a certain state so as to sufficiently discriminate a signal 
component corresponding to a noise component. Since this repeating amplification is executed over 
a lot of steps, the signal light is amplified with satisfactory noise characteristics. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optical communication line which is provided with the following and characterized by 
adjusting the magnitude of attenuation of this variable attenuator to a value which is in agreement 
with optical signal wavelength which amplification peak wavelength of said latter relay amplifier should 
transmit and which carried out multi stage connection of two or more optical transmission lines via a 
relay amplifier. 

An optical fiber amplifier which amplifies an optical signal which inputted said relay amplifier from said 
optical transmission line of the preceding paragraph. 

A variable optical attenuator which has a magnitude-of-attenuation variable means which adjusts the 
magnitude of attenuation, decreases said optical signal inputted from said optical fiber amplifier, and 
is outputted to said latter optical transmission line. 

[Claim 2]An optical communication line which is provided with the following and characterized by 
adjusting the magnitude of attenuation of said variable attenuator to a value which is in agreement 
with optical signal wavelength which amplification peak wavelength of said optical fiber amplifier 
should transmit and which carried out multi stage connection of two or more optical transmission 
lines via a relay amplifier. 

A variable optical attenuator which decreases an optical signal which sard relay amplifier has a 
magnitude-of-attenuation variable means which adjusts the magnitude of attenuation, and was 
inputted from said optical transmission line of the preceding paragraph. 

An optical fiber amplifier which amplifies said optical signal inputted from this variable optical 
attenuator. 

[Claim 3]The optical communication line according to claim 1 or 2, wherein said magnitude-of- 
attenuation variable means has an optical filter which adjusts said magnitude of attenuation with an 
angle of gradient to said optical signal. 

[Claim 4]The optical communication line according to claim 1 or 2, wherein said optica! fiber amplifier 
has an optical fiber which amplifies said optical signal by a stimulated emission of Er added as an 
active substance. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1/This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]^ an optical fiber communications system, about the optical communication 
line which connected two or more optical transmission lines to multistage via the relay amplifier, 
more, this invention is adjusted to details so that the amplification peak wavelength of a relay 
amplifier may be in agreement with the transmitted wave length of an optical signal, and it relates to 
the optical communication line which has a good transmission characteristic 
[0002] 

[Description of the Prior Art]In recent years, in order to compensate the optical loss in optical 
transmission lines, such as an optical fiber, with long-distance-transmission-izing of an optical fiber 
communications system, the role of the relay amplifier is increasing importance. As this relay 
amplifier, many optical fiber amplifiers which have the optical fiber for amplification which added the 
rare earth element as an active substance are used for the core. And the composition which 
constructs an optical attenuator in the latter part of an optical fiber amplifier is common knowledge. 
[0003]Such a relay amplifier amplifies an optical signal with a larger amplification factor than an 
amplification factor predetermined with an optical fiber amplifier, decreases an optical signal with an 
optical attenuator, and outputs it with a predetermined amplification factor. Since the power of the 
excitation light to which the amplification factor of an optical fiber amplifier is maintained by the 
comparatively large value, namely, excites the active substance in the optical fiber for amplification to 
it by this is held at a comparatively high value, the fall of the population inversion in an active 
substance is prevented. Therefore, the noise figure of the optical fiber for amplification is stabilized in 
a comparatively low value to the output power of an optical signal. 

[0004]About such advanced technology, Literature "Societe des Electriciens et des Electroniens 
(SEE),2nd InternationalConference on Otical FiberSubmarine Telecommunication It is indicated to 
Systems and S14 Poster Session <1> pp.1 68-169-1993", "United States Patent, No.5187610", etc. in 
detail. 

[0005]And in this relay amplifier, when an optical signal is amplified, the noise component distributed 
over the comparatively wide wavelength interval is added to the signal component which has a peak 
of light intensity by the transmitted wave length of an optical signal. Since the signal component is 
amplified with the larger amplification factor than a noise component when transmitted wave length 
has here the value which was mostly in agreement with the amplification peak wavelength of a relay 
amplifier, discriminating from a signal component and a noise component rs easy. Since the noise 
component of amplification peak wavelength is amplified with the larger amplification factor than a 
signal component on the other hand when transmitted wave length has the value which was more 
greatly [ than amplification peak wavelength ] far apart, it is difficult to bury a signal component in a 
noise component and to discriminate from two ingredients. 

[0006]Therefore, two or more optical transmission lines are connected to multistage via such a relay 
amplifier, and to the transmitted wave length of the determined optical signal, it is set up in the 
optical communication line which carries out amplification relay of the optical signal so that the 
amplification peak wavelength of a relay amplifier may be in agreement. 
[0007] 

[Problem(s) to be Solved by the Invention]Generally, the relation that the amplification peak 
wavelength of a relay amplifier is determined corresponding to a repeating span with the relay 
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amplifier of the preceding paragraph, i.e., the relay loss of an optical signal, is common knowledge. 
[0008]The relation of a relay loss and amplification peak wavelength in case the material composition 
of the optical fiber for amplification in a relay amplifier differs is shown in drawing 5. In four kinds of 
optical fibers for amplification whose Al concentration coadded to the core is 3wt% and 0.4wt% and 
0.05wt% and 0wt%, respectively, amplification peak wavelength is decreasing as a relay loss increases. 
The relation of a relay loss and amplification peak wavelength in case the fiber length of the optical 
fiber for amplification in a relay amplifier differs is shown in drawing 6. In three kinds of optical fibers 
for amplification whose fiber length is 25m, 18m, and 15m, respectively, amplification peak wavelength 
is decreasing as a relay loss increases. Therefore, it is possible by changing the material composition 
and fiber length of the optical fiber for amplification to adjust the amplification peak wavelength to a 
relay loss. 

[0009]About such knowledge, It is indicated in detail to literature"IEEE/LEOS OSA, Optical Amplifiers 
and their Applications, TechnicalDigest S.vol.13, pp.82-85-1991", etc. 

[0010] However, if the fiber length of the optical fiber for amplification becomes long excessively, 
degradation of the noise characteristic of a noise figure increasing will take place. When the material 
composition and fiber length of the optical fiber for amplification are changed, the zero dispersion 
wavelengths of an optical signal change and it may stop being in agreement with transmitted wave 
length. Therefore, after constructing an optica! transmission line by an optical fiber etc., it is difficult 
[ it ] to change the transmitted wave length of an optical signal to adjust so that the amplification 
peak wavelength of a relay amplifier may be in agreement with the transmitted wave length. 
Therefore, in the above-mentioned conventional optical communication line, when the transmitted 
wave length of an optical signal is changed, the problem that the transmission characteristic will 
deteriorate arises. 

[001 1]Then, this invention can be adjusted so that the amplification peak wavelength of a relay 
amplifier may be in agreement with the transmitted wave length of the changed optical signal, after 
solving the above-mentioned problem, constructing an optical transmission line and an optical fiber 
communications system's working, and the transmission characteristic aims at providing the optical 
communication line held good. 
[0012] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, in an optical 
communication line which carried out multi stage connection, this invention two or more optical 
transmission lines via a relay amplifier a relay amplifier, An optical fiber amplifier which amplifies an 
optical signal inputted from said optical transmission line of the preceding paragraph, Have a 
magnitude-of-attenuation variable means which adjusts the magnitude of attenuation, have a variable 
optical attenuator which decreases an optical signal inputted from an optical fiber amplifier, and is 
outputted to a latter optical transmission line, and the magnitude of attenuation of this variable 
attenuator, It is adjusted to a value which is in agreement with optical signal wavelength which 
amplification peak wavelength of a latter relay amplifier should transmit. 
[0013]In order to attain the above-mentioned purpose, this invention two or more optical 
transmission lines in an optical communication line which carried out multi stage connection via a 
relay amplifier a relay amplifier, A variable optical attenuator which decreases an optical signal which 
has a magnitude-of-attenuation variable means which adjusts the magnitude of attenuation, and was 
inputted from an optical transmission line of the preceding paragraph, It has an optical fiber amplifier 
which amplifies an optical signal inputted from this variable optical attenuator, and the magnitude of 
attenuation of variable attenuator is adjusted to a value which is in agreement with optical signal 
wavelength which amplification peak wavelength of an optical fiber amplifier should transmit. 
[0014]The above-mentioned magnitude-of-attenuation variable means is good also considering having 
an optical filter which adjusts the magnitude of attenuation with an angle of gradient to an optical 
signal as a feature. 

[0015]The above-mentioned optical fiber amplifier is good also considering having an optical fiber 
which amplifies an optical signal by a stimulated emission of Er added as an active substance as a 
feature. 

[0016] 

[FunctionjAccording to the 1st mode of this invention, after being amplified with an optical fiber 
amplifier, the optical signal inputted into the relay amplifier from the optical transmission line of the 
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preceding paragraph is outputted in response to. the predetermined attenuation set up beforehand 
with a variable optical attenuator, and is inputted into a latter relay amplifier via a latter optical 
transmission line. Generally, it corresponds to the relay loss of the optical signal in the optical 
transmission line of the preceding paragraph, and there is a relation that the amplification peak 
wavelength of a reiay amplifier is determined. 

[0017]In this invention, the magnitude of attenuation of a variable optical attenuator adjusts the relay 
loss of an optical signal together with the amount of losses of the optical signal in a latter optical 
transmission line, and it is set up so that the amplification peak wavelength of a latter relay amplifier 
may be in agreement with the transmitted wave length of an optical signal. Therefore, an optical signal 
is amplified with a latter relay amplifier by the state where a signal component can discriminate 
enough to a noise component. 

[0018]Therefore, by performing such relay amplification in multistage, an optical signal has a good 
noise characteristic and is amplified. Since the amplification peak wavelength of a latter relay 
amplifier can be adjusted corresponding to this even if the transmitted wave length of an optical 
signal is changed, when the magnitude of attenuation of the optical signal in a relay amplifier is 
variable, the transmission characteristic of an optical signal is held good. 

[0019]According to the 2nd mode of this invention, after receiving the predetermined attenuation 
beforehand set up with the variable optical attenuator, the optical signal inputted into the relay 
amplifier from the optical transmission line of the preceding paragraph is amplified with an optical 
fiber amplifier, and is outputted to a latter optical transmission line. The magnitude of attenuation of 
this variable optical attenuator adjusts the relay loss of an optical signal together with the amount of 
losses of the optical signal in the optical transmission line of the preceding paragraph, and it is set up 
so that the amplification peak wavelength of an optical fiber amplifier may be in agreement with the 
transmitted wave length of an optical signal. 

[0020]Therefore 1 almost like the 1st mode of the above, an optical signal has a good noise 
characteristic and is amplified. Since the amplification peak wavelength of an optical fiber amplifier 
can be adjusted corresponding to this even if the transmitted wave length of an optical signal is 
changed, when the magnitude of attenuation of the optical signal in a relay amplifier is variable, the 
transmission characteristic of an optical signal is held good. 
[0.021] 

[ExamplejHereafter, the composition and the operation of an example concerning this invention are 
explained with reference to drawing 1 thru/or drawing 8 . In explanation of a drawing, identical codes 
are given to the same element and the overlapping explanation is omitted to it The rate of a 
proportion of a drawing is not necessarily in agreement with the thing of explanation. 
[0022]The composition of the 1st example concerning the optical communication line of this invention 
is shown in drayring_t In this optical communication line, relay amplifier 30 2 - 30 N , variable optical 

attenuator 70 v and optical fiber amplifier 50 N+1 have connected to N stage transmission-^optical- 

fiber 40 1 constructed between the transmitter 10 and the receiver 20 - 40 N . 

[0023]The transmitter 10 is the usual laser diode (LD), and generates an optical signal in transmitted 
wave length lambda s of wavelength the band of 1,5 micrometers. Variable optical attenuator 70 1 has 

the same composition as variable optical attenuator 70 2 mentioned later - 70 N , decreases the 

optical signal from a light emitting device by magnitude-of-attenuation A 1? and outputs it to optical 

fiber 40 ^ for transmission of the first rank. 

[0024]Optical fiber 40 1 for transmission - 40 N are usual silica glass optical fiber, respectively, It has 

the path loss which serves as the minimum with wavelength the band of 1.5 micrometers, amount of 
losses L Q - l_ N are given to the optical signal from relay amplifier 30 M of the preceding paragraph, 

respectively, and it transmits to latter relay amplifier 30 M+r Relay amplifier 30 2 - 30 N have the 

composition mentioned later, It has amplification peak wavelength lambda p which was in agreement 

with transmitted wave length lambda s of wavelength the band of 1.5 micrometers, the optical signal 

from optical fiber 40 M _ t for transmission of the preceding paragraph is amplified by amplification 

factor G 2 - G N , and it outputs to latter optical fiber 40 M for transmission. 
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[0025]Optical fiber amplifier 50 N+1 has the same composition as optical fiber amplifier 50 2 mentioned 
later - 50 N , and amplifies and outputs the optical signal from optical fiber 40 N for transmission of a 
last stage by amplification factor G N+r The receiver 20 is the usual photo-diode (PD), and detects 
the optical signal from optical fiber amplifier 50 N+r 

[0026]The composition of relay amplifier 30 2 - 30 N is shown in drawin g 2. Variable optical attenuator 
70 M is connected to the outgoing end of optical fiber amplifier 50 M in relay amplifier 30 M . Optical 
fiber amplifier 50 M amplifies the optical signal from optical fiber 40 MH for transmission of the 
preceding paragraph by larger amplification factor G' M than amplification factor G M , and outputs it to 
variable optical attenuator 70 M . Variable optical attenuator 70 M decreases the optical signal from 
optical fiber amplifier 50 M by magnitude-of-attenuation A M , and outputs it to latter optical fiber 40 M 
for transmission by amplification factor G M as relay amplifier 30 M after all. 

[0027]The composition of optical fiber amplifier 50 2 - SON N is shown in dra wing 3 . The course for 

amplification in which an optical signal results [ from the optical multiplexing machine 54 ] in the light 
branching machine 59 through the optical isolator 55 r the optical fiber 57 for amplification, the optical 
isolator 56, and the optical filter 58 comprises optical fiber amplifier 50 M . The branched route with 

the excitation light from the excitation light source 53 to [ branched route ] the optical multiplexing 
machine 54 and the branched route with a part of optical signal from the light branching machine 59 
to [ branched route ] the photodetector 60 are constituted, respectively. Wiring which electrically 
connects between the photodetector 60, the control circuit 51, the driving source 52, and the 
excitation light sources 53 is given. 

[0028]The excitation light source 53 is the usual LD, generates the excitation light with a wavelength 
of 1.48 micrometers which has the light intensity corresponding to the driving current from the driving 
source 52, and outputs this to the optical multiplexing machine 54. The optical multiplexing machine 

54 is a 2 to 1 wavelength-multiplexing division fiber coupler of a melting roll, multiplexs and outputs 
the excitation light from the optical signal and the excitation light source 53 from optical fiber 40 „ , 

M-l 

for transmission of the preceding paragraph to the optical isolator 55. The optical isolator 55 is a 
polarization-independent type optical isolator, and outputs the optical signal and excitation light from 
the optical multiplexing machine 54 only to other one way at the optical fiber 57 for amplification. 
[0029]The optical fiber 57 for amplification is Er addition silica glass optical fiber (EDF) which a little 
erbium (Er) ion added as an active substance to the core, By the stimulated emission of Er ion 
excited by the excitation light from the optical isolator 55, the optical signal from the optical isolator 

55 is amplified, and it outputs to the optical isolator 56. The optical isolator 56 is a polarization- 
independent type optical isolator, and outputs the optica! signal from the optical fiber 57 for 
amplification to the optical filter 58 only in other one way. The optical filter 58 is the usual band pass 
filter. 

It has the transmission center wavelength which was in agreement with transmitted wave length 
larnbda s of an optical signal, and a noise component and an excitation light ingredient are removed 

from the optical signal from the optical isolator 56. 

[0030]The light branching machine 59 is an one-pair dichotomy fiber coupler of a melting roll, 
branches to the photodetector 60 and variable optical attenuator 70 M by branching ratio a: (1-a), and 

outputs the optical signal from the optical filter 58. It is usual PD, and the photodetector 60 detects 
the optical signal from the light branching machine 59, and photoelectric conversion is carried out to 
the measurement signal corresponding to the light intensity, and it outputs it to it. The control circuit 
51 outputs a control signal based on the measurement signal from the photodetector 60. The driving 
source 52 outputs the driving current which has a current value corresponding to the control signal 
from the control circuit 51. 

[0031]The composition of variable optical attenuator 70 t - 70 N is shown in draw ing 4. The course 

for attenuation in which an optical signal results [ from the collimating lens 71 ] in the collimator 72 
through the magnitude-of-attenuation variable region 73 comprises variable optical attenuator 70 M . 
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The collimating lens 71 outputs the optical signal emitted and inputted from optical fiber amplifier 50 
M as a parallel beam. In the magnitude-of-attenuation variable region 73, the rotating ND (Neutral 

Density) filters 74 and 75 of two sheets lean to the light flux of an optical signal, for example, it is 
arranged at Ha's shape, and the magnitude of attenuation changes with each angles of rotation 
continuously. By reflecting a part of optical signal from the collimating lens 71 outside with ND filters 
74 and 75, this magnitude-of-attenuation variable region 73 decreases an optical signal, and outputs 
it to the collimating lens 72, The collimating lens 72 converges the optical signal inputted as a parallel 
beam from the magnitude-of-attenuation variable region 73, and outputs it to optical fiber 70 fcJI for 
transmission, 

[0032]Transmitted wave length lambda s of the optical signal generated from the light emitting device 

of the transmitter 10 is set up so that optical fiber 40 1 for transmission - amount of losses L 1 in 40 

M " L N may serve as the minimum value, respectively. So that optical fiber 40 f for transmission - 

amount of losses L t in 40 N - L N may be compensated, respectively, Amplification factor G 2 in relay 

amplifier 30 2 - 30 N , and optical fiber amplifier 70 N+1 - G N+1 are set up, respectively. 

[0033]So that amplification peak wavelength lambda p in optical fiber amplifier 50 2 - 50 N+1 may be in 

agreement with transmitted wave length lambda s of an optical signal, respectively, In order to adjust 

the relay loss doubled with optical fiber 40 1 for transmission - amount of losses L- in 40 h . - L, 

variable optical attenuator 70 1 - magnitude-of-attenuation A 1 in 70 N - A N are set up, respectively. 

It corresponds to variable optical attenuator 70 1 - magnitude-o^-attenuation A 1 in 70 N-1 - A N _ t , So 

that it may become respectively larger enough than the value which needs for realization of relay 
amplifier 30 2 - amplification factor G 2 in 30 N - G N the power of the excitation light inputted into the 

optical fiber 57 for amplification of optical fiber amplifier 50 2 - 50 N , Amplification factor G ' 2 ~G' N in 
optical fiber amplifier 50 2 - 50 N is set up, respectively, 

[0034]So that the fiber length of the optical fiber 57 for amplification in optical fiber amplifier 50 2 - 

50 N+1 is long, As for the fiber length, since the margin of the relay loss which can be adjusted by 

magnitude-of-attenuation A Q in variable optical attenuator 70 t - 70 ^ - A N is extended, it is 

desirable to set up in the range which does not degrade the noise characteristic of an optical signal 
as for a long time as possible. 

[0035]Next, an operation of the 1st example of the above is explained. 

[0036]In optical fiber amplifier 50 M of relay amplifier 30 M , the driving source 52 outputs the driving 

current which has a current value corresponding to the control signal from the control circuit 51, and 
outputs the excitation light in which the excitation light source 53 has the light intensity 
corresponding to the driving current from the driving source 52. The excitation light outputted from 
the excitation light source 53 is inputted into the optical fiber 57 for amplification via the optical 
multiplexing machine 54 and the optical isolator 55, and excites Er ion of the active substance added 
to the core. The excitation light outputted from the optical fiber 57 for amplification is inputted into 
an optical filter via the optical isolator 55, and is removed from the course for amplification by 
absorption or reflection, 

[0037]In this state, the optical signal from optical fiber 40 MH for transmission of the preceding. 

paragraph, It inputs into the optical fiber 57 for amplification via the optica! multiplexing machine 54 
and the optical isolator 55, and is amplified by the stimulated emission of Er ion excited with the core 
by amplification factor G' M corresponding to the power of excitation light, respectively. The excitation 

light outputted from the optical fiber 57 for amplification Is inputted into the optical filter 58 via the 
optical isolator 55, and noise light is removed. With the light branching machine 59, the optica! signal 
outputted from the optical filter 58 branches to the photodetector 60 and variable optical attenuator 
70 M by branching ratio a: (1-a), and is outputted. The measurement signal corresponding to [ detect 

an optical signal and ] the light intensity while the photodetector 60 branched with the light branching 
machine 59 is outputted. The control circuit 51 performs feedback control so that the light intensity 
of the excitation light which outputs a control signal based on the measurement signal from the 



photodetector 60, and is outputted from the excitation light source 53 may become fixed. 
[0038]In variable optical attenuator 70 M of relay amplifier 30 M , the optical signal emitted and 

inputted turns into a parallel beam from optical fiber amplifier 50 M with the collimating lens 71. A part 

is reflected outside with two ND filters 74 and 75 of the magnitude-of-attenuation variable region 73, 
and the optical signal from the collimating lens 71 is decreased by magnitude-of-attenuation A M 

corresponding to each angle of rotation. It converges with the collimating lens 72 and the optical 
signal outputted as a parallel beam from the magnitude-of-attenuation variable region 73 is outputted 
to latter optical fiber 40 M for transmission. 

[0039]In the optical communication line using such relay amplifier 30 2 - 30 N . It generates with the 
transmitter 10, it decreases by magnitude-of-attenuation A t by variable optical attenuator 70 v and 
is outputted, and the optical signal of transmitted wave length lambda s loses amount of losses L 1 by 
optical fiber 40 t for transmission, and is transmitted. The optical signal inputted into relay amplifier 
30 2 is amplified by amplification factor G' 2 by optical fiber amplifier 50 2 . Here, by changing 
magnitude-of-attenuation A 1 corresponding to amount of losses the relay loss is adjusted so that 
amplification peak wavelength lambda p of optical fiber amplifier 50 2 may be in agreement with 
transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 
signal component can discriminate enough to a noise component 

[0040]This amplified optical signal is decreased by magnitude-of-attenuation A 2 by variable optical 
attenuator 70 2 , is outputted from relay amplifier 30 2 , is lost in amount of losses l_ 2 by optical fiber 
40 2 for transmission, and is transmitted. However, in relay amplifier 30 2 , after an optical signal is 
amplified by amplification factor G 2 , it is decreased by magnitude-of-attenuation A 2 , and it is 
amplified by amplification factor G 2 as a result. The optical signal inputted into relay amplifier 30 3 is 
amplified by amplification factor G' 3 by optical fiber amplifier 50 3 . Here, by changing magnitude-of- 
attenuation A 2 corresponding to amount of losses l_ 2 , the relay loss is adjusted so that amplification 
peak wavelength lambda p of optical fiber amplifier 50 3 may be in agreement with transmitted wave 
length lambda s of an optical signal. Therefore, an optical signal is amplified so that a signal 
component can discriminate enough to a noise component. 

[0041]This amplified optical signal is decreased by : magnitude-of-attenuation A 3 by variable optical 
attenuator 70 3 , is outputted from relay amplifier 30 3 , is lost in a loss by optical fiber 40 3 for 
transmission at amount of losses l_ 3 , and is transmitted. However, in relay amplifier 30 3 , after an 
optical signal is amplified by amplification factor G 3 , it is decreased by magnitude-of-attenuation A 3 , 
and it is amplified by amplification factor G 3 as a result. 

[0042]Hereafter, such relay amplification is performed in multistage. And the optical signal inputted 
into relay amplifier 30 N is amplified by amplification factor G' N by optical fiber amplifier 50 N . Here by 

changing magnitude-of-attenuation A N , 1 of variable optical attenuator 70 ^ corresponding to 

amount of losses L NH of optical fiber 40 N-1 for transmission, The relay loss is adjusted so that 

amplification peak wavelength lambda p of optical fiber amplifier 50 N may be in agreement with 

transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 

signal component can discriminate enough to a noise component. 

[0043]Thrs amplified optical signal is decreased by magnitude-of-attenuation A N by variable optical 
attenuator 70 N , is outputted from relay amplifier 30 N , is lost in amount of losses l_ N by optical fiber 
40 N for transmission, and is transmitted. However, in relay amplifier 30 N , after an optical signal is 
amplified by amplification factor G' N , it is decreased by magnitude-of-attenuation A N , and it is 
amplified by amplification factor G N as a result. The optical signal inputted into optical fiber amplifier 
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50 N+1 is amplified by amplification factor G N+1 . Here, by changing magnitude-of-attenuation A N 

corresponding to amount of losses L N , the relay loss is adjusted so that amplification peak 

wavelength lambda p of optical fiber amplifier 50 N+1 may be in agreement with transmitted wave length 

lambda s of an optical signal. Therefore, an optical signal is amplified so that a signal component can 

discriminate enough to a noise component This amplified optica! signal is inputted into the receiver 
20, and is detected. 

[0044]The relation of the relay loss and amplification peak wavelength in optical fiber amplifier 50 2 - 
50 N+1 is shown in drawing 5 and drawing 6. In such an optical fiber communications system, 
transmitted wave length lambda s of an optical signal to 1560 micrometers. Optical fiber 40 1 for 
transmission - amount of losses L 1 of 40 N - L N , respectively 10 dB, When variable optical attenuator 
70 1 - magnitude-of-attenuation A 1 of 70 N - A N are set as 0 dB, respectively, in drawing 5 and 
drawing_6 f amplification peak wavelength lambda p is in agreement with transmitted wave length 
lambda^. 

[0045]Here, if transmitted wave length lambda s is changed into 1558 micrometers, amplification peak 
wavelength lambda p continues being 1560 micrometers, and the transmission characteristic of an 
optical signal will deteriorate. Then, by setting variable optical attenuator 70 1 - magnitude-of- 
attenuation A 1 of 70 N - A N as 5 dB, respectively. Since amplification peak wavelength lambda p can 
make it in agreement with transmitted wave length lambda s according to drawing 5 and drawingJS, an 
optical signal has a good noise characteristic and is amplified. 

[0046]Therefore, since amplification peak wavelength lambda p of optical fiber amplifier 50 2 - 50 N+1 

can be adjusted corresponding to this even if transmitted wave length lambda s of an optical signal is 

changed, the transmission characteristic of an optical signal is held good. 

[0047]The composition of the 2nd example concerning the optical communication line of this 

invention is shown in drawing 7 . In this optical communication line, relay amplifier 30 ^ - 30 N have 

connected to N stage transmission-optical-fiber 40 t constructed between the transmitter 10 and 
the receiver 20 - 40 N . Here, except for relay amplifier 30 t - 30 N , the inside of the transmitter 10, 
optical fiber 40 1 for transmission - 40 N , and the receiver 20 is constituted like the 1st example of 
the above. 

[0048]The composition of relay amplifier 30 1 - 30 N is shown in draw ing 8, Optical fiber amplifier 50 
M is connected to the outgoing end of variable optical attenuator 70 M in relay amplifier 30 M . Variable 
optical attenuator 70 M decreases the optical signal from optical fiber 40 M for transmission of the 
preceding paragraph by magnitude-of-attenuation A M , and outputs it to optical fiber amplifier 50 M . 
Optical fiber amplifier 50 M amplifies the optical signal from variable optical attenuator 70 M by 
amplification factor G M , and outputs it to latter optical fiber 40 M+1 for transmission. Here, the inside 
of variable optical attenuator 70 1 - 70 N and optical fiber amplifier 50 1 - 50 N is constituted like the 
1st example of the above. 

[0049]So that amplification peak wavelength lambda p in optical fiber amplifier 50 1 - 50 N may be in 

+ 

agreement with transmitted wave length lambda s of an optical signal, respectively, In order to adjust 
the relay loss doubled with optical fiber 40 1 for transmission - amount of losses L 1 in 40 N - ]_ N , 
variable optical attenuator 70 1 - magnitude-of-attenuation A 1 in 70 N - A N are set up, respectively. 
[0050]Next p an operation of the 2nd example of the above is explained. 

[0051]In variable optical attenuator 70 M of relay amplifier 30 M , the optical signal emitted and 

inputted turns into a parallel beam from optical fiber 40 M for transmission of the preceding paragraph 

with the collimating lens 71. A part is reflected outside with two ND filters 74 and 75 of the 
magnitude-o^attenuatron variable region 73, and the optical signal from the collimating lens 71 is 
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decreased by magnitude-of-attenuation A M corresponding to each angle of rotation. It converges 

with the coliimating lens 72 and the optical signal outputted as a parallel beam from the magnitude- 
of-attenuation variable region 73 is outputted to optical fiber amplifier 50 M , 

[0052]In optical fiber amplifier 50 M of relay amplifier 30 M , the driving source 52 outputs the driving 

current which has a current value corresponding to the control signal from the control circuit 51, and 
outputs the excitation light in which the excitation fight source 53 has the light intensity 
corresponding to the driving current from the driving source 52. The excitation light outputted from 
the excitation light source 53 is inputted into the optical fiber 57 for amplification via the optical 
multiplexing machine 54 and the optical isolator 55, and excites Er ion of the active substance added 
to the core. The excitation light outputted from the optical fiber 57 for amplification is inputted into 
an optical filter via the optical isolator 55, and is removed from the course for amplification by 
absorption or reflection. 

[0053]this — a state — a variable optical attenuator — 70 — M — from — an optical signal — 

optical multiplexing — a vessel — 54 — an optical isolator — 55 — passing — amplification — ** — 
an optical fiber — 57 — inputting — the — a core — having excited — Er — ion — a stimulated 
emission — excitation light — power — having corresponded — an amplification factor — G — f — 
M "" respectively — amplifying — having . The excitation light outputted from the optical fiber 57 for 

amplification is inputted into the. optical filter 58 via the optical isolator 55, and noise light is removed. 
With the light branching machine 59, the optical signal outputted from the optical filter 58 branches by 
branching ratio a: (1-a) to optical fiber 40 M+1 for transmission of the photodetector 60 and the latter 

part, and is outputted The measurement signal corresponding to [ detect an optical signal and ] the 
light intensity while the photodetector 60 branched with the light branching machine 59 is outputted 
The control circuit 51 performs feedback control so that the light intensity of the excitation light 
which outputs a control signal based on the measurement signal from the photodetector 60, and is 
outputted from the excitation light source 53 may become fixed. 

[0054]In the optical communication fine using such relay amplifier 30 t - 30 N , it generates with the 
transmitter 10, and the optical signal of transmitted wave length lambda s loses in amount of losses L t 
by optical fiber 40 1 for transmission, and is transmitted. The optical signal inputted into relay 
amplifier 30 1 is decreased by magnitude-ol^attenuation Aj by variable optical attenuator 70 v and, in 
the back, is amplified by amplification factor G t by optical fiber amplifier 50 v Here, by changing 
magnitude-of-attenuation A 1 corresponding to amount of losses L v the relay loss is adjusted so that 
amplification peak wavelength lambda p of optical fiber amplifier 50 ^ may be in agreement with 
transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 
signal component can discriminate enough to a noise component. 

[0055]The optical signal outputted by amplifying from relay amplifier 30 t is lost in amount of losses 
l_ 2 by optical fiber 40 2 for transmission, and is transmitted After decreasing the optical signal 
inputted into relay amplifier 30 2 by magnitude-of-attenuation A 2 by variable optical attenuator 70 2 , 
it is amplified by amplification factor G 2 by optical fiber amplifier 50 £ . Here, by changing magnitude- 
of-attenuation A 2 corresponding to amount of losses L 2 , the relay loss is adjusted so that 
amplification peak wavelength lambda p of optical fiber amplifier 50 2 may be in agreement with 
transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 
signal component can discriminate enough to a noise component. 

[0056] Hereafter, such relay amplification is performed in multistage. And after decreasing the optical 
signal inputted into relay amplifier 30 N by magnitude-of-attenuation A N by variable optical attenuator 

70 Nr it is amplified by amplification factor G N by optical fiber amplifier 50 N . Here, by changing 

magnitude-of-attenuation A N corresponding to amount of losses L N of optical fiber 40 N for 

transmission, the relay loss is adjusted so that amplification peak wavelength lambda p of optical fiber 
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amplifier 50 N may be in agreement with transmitted wave length lambda s of an optical signal. 

Therefore, an optical signal is amplified so that a signal component can discriminate enough to a noise 
component. 

[0057]Therefore, since amplification peak wavelength lambda p of optical fiber amplifier 50 1 - 50 N 
can be adjusted corresponding to this even if transmitted wave length lambda s of an optical signal is 
changed, the transmission characteristic of an optical signal is held good. 

[0058]This invention is not restricted to many above-mentioned examples, and various modification is 
possible for it. 

[0059]For example, although Er added optical fiber is used as an optical fiber for amplification of an 
optical fiber amplifier in many above-mentioned examples, This is replaced by usual silica glass optica! 
fiber, and even if it uses an optical fiber amplifier as a Raman amplifier by using Nd:YAG laser etc. as 
the excitation light source, the same operation effect is obtained 

[0060] In many above-mentioned examples, although the ND filter is used as a magnitude-of- 
attenuation variable means of a variable optical attenuator, optical density should just use a neutral, 
i.e.. the thing which does not almost have wavelength dependency in the magnitude of attenuation. 
[0061]In many above-mentioned examples, although the optical fiber is used as an optical 
transmission line between two relay amplifiers, it may be replaced by transmission and the space 
propagation by an optical waveguide etc. 
[0062] 

[Effect of the Invention]As mentioned above, according to this invention, the magnitude of 
attenuation of the optical signal in a relay amplifier adjusts the relay loss of an optical signal together 
with the amount of losses of the optical signal in the optical transmission line of the preceding 
paragraph or the latter part, and it is set up to have explained in detail so that the amplification peak 
wavelength of a relay amplifier may be in agreement with the transmitted wave length of an optical 
signalTherefore, by performing such relay amplification in multistage, an optical signal has a good 
noise characteristic and is amplified. 

[0063]Srnce an optical signal is amplified by a good noise characteristic with a relay amplifier when 
the magnitude of attenuation of the optical signal in a relay amplifier is variable even if the 
transmitted wave length of an optical signal is changed, the transmission characteristic of an optical 
signal is held good. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing J]ft is a lineblock diagram showing the 1st example concerning the optical communication 
line of this invention. 

K)raMDg_2lIt is a lineblock diagram showing the relay amplifier in the optical communication line 
shown in dra wing 1. 

[Drawtng_3jlt is a lineblock diagram showing the optical fiber amplifier in the relay amplifier shown in 
drawing 2, 

[Drawing_4]It is a lineblock diagram showing the variable optical attenuator in the relay amplifier 
shown in drawing 2. 

[PrawingJJIt is a plot showing the relation of a relay loss and amplification peak wavelength in case 

the material composition of the optical fiber for amplification in a relay amplifier differs. 

[Drawing 6}It is a plot showing the relation of a relay loss and amplification peak wavelength in case 

the fiber length of the optical fiber for amplification in a relay amplifier differs. 

[Drav^ngLZllt is a lineblock diagram showing the 2nd example concerning the optical communication 

line of this invention. 

CPrawmg_8]It is a lineblock diagram showing the relay amplifier in the optical communication line 
shown in drawing 7. 
[Description of Notations] 

10 — A transmitter, 20 — A receiver, 30 1 - 30 N — Relay amplifier, 40 1 - 40 N — The optical fiber 
for transmission, 50 1 - 50 N — Optical fiber amplifier, 51 [ — Optical multiplexing machine, ] — A 
control circuit, 52 — A driving source, 53 — The excitation light source, 54 55, 56 [ — A light 
branching machine, 60 / — A photodetector, 70 1 - 70 N / — A variable optical attenuator, 71, 72 / 

— A collimating lens, 73 / — A magnitude-of-attenuation variable region, 74, 75 / — ND filter. ] — 
An optical isolator, 57 — The optical fiber for amplification, 58 — An optical filter, 59 
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[Title of the Invention]A lightwave signal transmission method and a relay amplifier 
[Claim(s)] 

[Claim 1]It is a lightwave signal transmission method which amplifies an optical signal with an optical 
fiber amplifier which receives a lightwave signal from a variable optical attenuator, 



A lightwave signal transmission method adjusting so that it may become the same as wavelength of 
an optical signal which adjusts the magnitude of attenuation of said variable optica! attenuator, and to 
which amplification peak wavelength of said optical fiber amplifier is transmitted. 
[Claim 2]It is a lightwave signal transmission method which amplifies a lightwave signal with a 
preceding paragraph optical fiber amplifier, and amplifies a lightwave signal from a variable optical 
attenuator which receives this amplified lightwave signal with a latter-part optical fiber amplifier, 
A lightwave signal transmission method adjusting so that it may become the same as wavelength of 
an optical signal which adjusts a relay loss between said preceding paragraph optical fiber amplifier 
and said latter-part optical fiber amplifier by the magnitude of attenuation of said variable optical 
attenuator, and is transmitted in amplification peak wavelength of said latter-part optical fiber 
amplifier. 

[Claim 3]Said preceding paragraph optical fiber amplifier and said variable optical attenuator are 
lightwave signal transmission methods to claim 2 constituting a relay amplifier. 
[Claim 4]Said variable optical attenuator and said latter-part optical fiber amplifier are lightwave 
signal transmission methods to claim 2 constituting a relay amplifier. 

[Claim 5]It is the relay amplifier provided with an optical fiber amplifier and a variable optical 
attenuator connected to an input of this optical fiber amplifier, 

A relay amplifier being able to adjust said variable optical attenuator so that it may become the same 
as wavelength of an optical signal transmitted in amplification peak wavelength of said optical fiber 
amplifier. 

[Claim 6]It is the relay amplifier provided with an optical fiber amplifier and a variable optical 
attenuator connected to an output of this optical fiber amplifier, 

A relay amplifier, wherein said variable optical attenuator can adjust amplification peak wavelength of 
an optical fiber amplifier which receives an optical signal which this variable optical attenuator 
outputs so that it may become the same as wavelength of said optica! signal. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the lightwave signal transmission method and relay 
amplifier in the optical communication line which connected two or more optical transmission lines to 
multistage via the relay amplifier in an optical fiber communications system. It is related with the 
lightwave signal transmission method and relay amplifier which can be adjusted so that the 
amplification peak wavelength of a relay amplifier may be more in agreement with the transmitted 
wave length of an optica! signal at details. 
[0002] 

[Description of the Prior Art]In recent years, in order to compensate the optical loss in optical 
transmission lines, such as an optical fiber, with long-distance-transmission-izing of an optical fiber 
communications system, the role of the relay amplifier is increasing importance. As this relay 
amplifier, many optical fiber amplifiers which have the optical fiber for amplification which added the 
rare earth element as an active substance are used for the core. And the composition which 
constructs an optical attenuator in the latter part of an optical fiber amplifier is common knowiedge. 
[0003]Such a relay amplifier amplifies an optical signal with a larger amplification factor than an 
amplification factor predetermined with an optical fiber amplifier, decreases an optical signal with an 
optical attenuator, and outputs it with a predetermined amplification factor. Since the power of the 
excitation light to which the amplification factor of an optical fiber amplifier is maintained by the 
comparatively large value, namely, excites the active substance in the optical fiber for amplification to 
it by this is held at a comparatively high value, the fall of the population inversion in an active 
substance is prevented. Therefore, the noise figure of the optical fiber for amplification is stabilized in 
a comparatively low value to the output power of an optical signal. 
[0004]About such advanced technology, 

The literature 1, "Societe des Electriciens et des Electroniens(SEE),2nd International Conference on 
Otical Fiber Submarine Tefecommunica tron Systems and S1 4 Poster Session <1> pp,1 68-1 69-1 993", 

The literature 2, "United States Patent, No.51 87610" 
It is indicated in detail to 

[0005]And in this relay amplifier, when multr stajge amplification of the optical signal is carried out, the 
noise component distributed over the comparatively wide wavelength interval is added to the signal 



component which has a peak of light intensity in proportion to amplification gain by the transmitted 
wave length of an optical signal. When transmitted wave length has here the value which was mostly 
in agreement with the amplification peak wavelength of a relay amplifier, the signal component is the 
same as a relay loss, or since the signal component can maintain sufficient intensity ratio to a noise 
component if amplified with the larger amplification factor, discriminating from this is easy. Since the 
signal component cannot maintain sufficient intensity ratio to a noise component when transmitted 
wave length on the other hand, has the value which was more greatly [ than amplification peak 
wavelength J far apart and the signal component is amplified with the amplification factor smaller than 
a relay loss, It is difficult to bury a signal component in a noise component and to discriminate from 
two ingredients. 

[0006]Therefore, two or more optical transmission lines are connected to multistage via such a relay 
amplifier, and to the transmitted wave length of the determined optical signal, it is set up in the 
optical communication line which carries out amplification relay of the optical signal so that the 
amplification peak wavelength of a relay amplifier may be in agreement. 

[0007]The literature 3, "Over IMDD 2-channel WDM Transmission Experiments at 5Gbit/s Using 138 
In line Er-doped Fiber Amplifiers", Wavelength multiplexing art is adopted in OFC93 PD3, the 21st 
page - the 24th page, and (February, 1993), and two or more signal wave length is transmitted to it 
using the relay amplifier having contained the Er-doped-optical-fiber amplifier. Transmitted wave 
length is 1 557 nm and 1 559 nm, and it is determined that the transmitted wave length field which 
such an optical fiber amplifier amplifies, i.e., the amplification peak wavelength of a relay amplifier will 
contain these transmitted wave length. If a relay amplifier is used, both such transmission signal ' 
wavelength will be amplified and long-distance transmission will become possible 
[0008] 

[Problem(s) to be Solved by the Invention]Generally, the relation that the amplification peak 
wavelength of a relay amplifier is determined corresponding to a repeating span with the relay 
amplifier of the preceding paragraph, i.e., the relay loss of an optical signal, is common knowledge. 
[0009]The relation of a relay loss and amplification peak wavelength in case the material composition 
of the optical fiber for amplification in a relay amplifier differs is shown in drawing 5. In four kinds of 
optical fibers for amplification whose Al concentration coadded to the core is 3wt% and 0.4wt% and 
0.05wt% and 0wt%. respectively, amplification peak wavelength is decreasing as a relay loss increases. 
The relation of a relay loss and amplification peak wavelength in case the fiber length of the optical 
fiber for amplification in a relay amplifier differs is shown in drawing 6. In three kinds of optical fibers 
for amplification whose fiber length is 25m, 1 8m, and 1 5m, respectively, amplification peak wavelength 
is decreasing as a relay loss increases. Therefore, it is possible by changing the material composition 
and fiber length of the opticaf fiber for amplification to adjust the amplification peak wavelength to a 
relay loss. 

[0010]About such knowledge, It is indicated in detail to literature"IEEE/LEOS OSA, Optical Amplifiers 
and their Applications, TechnicalDigest S.voL'13, pp.82-85-1991", etc. 

[001 1]However r if the fiber length of the optical fiber for amplification becomes long excessively when 
indicated in the literature 3 from the literature 1 , degradation of the noise characteristic of a noise 
figure increasing will take place. When the material composition and fiber length of the optical fiber for 
amplification are changed, the zero dispersion wavelengths of an optical signal change and it may stop 
being in agreement with transmitted wave length. Therefore, after constructing an optical 
transmission line by an optical fiber etc., it is difficult [ it ] to change the transmitted wave length of 
an optical signal to adjust so that the amplification peak wavelength of a relay amplifier may be in 
agreement with the transmitted wave length. Therefore, in the above-mentioned conventional optical 
communication line of the literature 1 to the literature 3, when the transmitted wave length of an 
optical signal is changed, the problem that the transmission characteristic will deteriorate arises. 
[0012]Then, this invention solves the above-mentioned problem and an object of this invention is to 
provide the lightwave signal transmission method and relay amplifier which can be adjusted so that 
the amplification peak wavelength of a relay amplifier may be in agreement with the transmitted wave 
length of the changed optical signal, after it constructs an optical transmission line and an optical 
fiber communications system works. 
[0013] 

[Means for Solving the Problem]A lightwave signal transmission method of this invention is a 
lightwave signal transmission method which amplifies an optical signal with an optical fiber amplifier 
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which receives a lightwave signal from a variable optical attenuator, it adjusts the magnitude of 
attenuation of a variable optical attenuator, and it adjusts it so that it may become the same as 
wavelength of an optical signal to which amplification peak wavelength of an optical fiber amplifier is 
transmitted. 

[001 4]A lightwave signal transmission method of this invention amplifies a lightwave signal with a 
preceding paragraph optical fiber amplifier, It is a lightwave signal transmission method which amplifies 
a fightwave signal from a variable optical attenuator which receives this amplified lightwave signal with 
a latter-part optical fiber amplifier, A relay loss between a preceding paragraph optical fiber amplifier 
and a fatter-part optical fiber amplifier is adjusted by the magnitude of attenuation of a variable 
optical attenuator, and it adjusts so that it may become the same as wavelength of an optical signal 
transmitted in amplification peak wavelength of a latter-part optical fiber amplifier. 
[0015]It may be made for a preceding paragraph optical fiber amplifier and a variable optica! 
attenuator to constitute a relay amplifier from a lightwave signal transmission method of this 
invention. 

[001 6]It may be made for a variable optical attenuator and a latter-part optical fiber amplifier to 
constitute a refay amplifier from a lightwave signal transmission method of this invention. 
[001 7]A relay amplifier of this invention is a relay amplifier provided with an optical fiber amplifier and 
a variable optical attenuator connected to an input of this optical fiber amplifier, and a variable optical 
attenuator can be adjusted so that it may become the same as wavelength of an optical signal 
transmitted in amplification peak wavelength of an optical fiber amplifier. 

[0018]A relay amplifier of this invention is an optical fiber amplifier and a variable optical attenuator 
connected to an output of this optical fiber . amplifier a relay amplifier which it had, and a variable 
optical attenuator, Amplification peak wavelength of an optical fiber amplifier which receives an 
optical signal which this variable optical attenuator outputs can be adjusted so that it may become 
the same as wavelength of an optical signal, 
[0019] 

[FunctionjAccording to this invention, after the optical signal inputted into the relay amplifier from the 
optical transmission line of the preceding paragraph is amplified with an optical fiber amplifier, it is 
outputted in response to the predetermined attenuation set up beforehand with a variable optical 
attenuator, and is inputted into a latter relay amplifier via a latter optical transmission line. Generally, 
it corresponds to the relay loss of the optical signal in the optical transmission line of the preceding 
paragraph, and there is a relation that the amplification peak wavelength of a relay amplifier is 
determined. 

[0020]In this invention, the magnitude of attenuation of a variable optical attenuator adjusts the relay 
loss of an optical signal together with the amount of losses of the optical signal in a latter optical 
transmission line, and it is set up so that the amplification peak wavelength of a latter relay amplifier 
may be in agreement with the transmitted wave length of an optical signal. Therefore, an optical signal 
is amplified with a latter relay amplifier by the state where a signal component can discriminate 
enough to a noise component. 

[0021]Therefore, by performing such relay amplification in multistage, an optical signal has a good 
noise characteristic and is amplified. Since the amplification peak wavelength of a latter relay 
amplifier can be adjusted corresponding to this even if the transmitted wave length of an optical 
signal is changed, when the magnitude of attenuation of the optical signal in a relay amplifier is 
variable, the transmission characteristic of an optical signal is held good. 

[0022]According to this invention, after the optical signal inputted into the relay amplifier from the 
optical transmission line of the preceding paragraph receives the predetermined attenuation 
beforehand set up with the variable optical attenuator, it is amplified with an optical fiber amplifier and 
outputted to a latter optical transmission line. The magnitude of attenuation of this variable optical 
attenuator adjusts the relay loss of an optical signal together with the amount of losses of the optical 
signal in the optical transmission line of the preceding paragraph, and it is set up so that the 
amplification peak wavelength of an optical fiber amplifier may be in agreement with the transmitted 
wave length of an optical signal. 

[0023]Therefore, by performing such relay amplification in multistage, an optical signal has a good 
noise characteristic and is amplified. Since the amplification peak wavelength of an optical fiber 
amplifier can be adjusted corresponding to this even if the transmitted wave length of an optical 
signal is changed, when the magnitude of attenuation of the optical signal in a relay amplifier is 



variable, the transmission characteristic of an optical signal is held good. 
[0024] 

[ExamplelHereafter, the composition and the operation of an example concerning this invention are 
explained with reference to drawing 1 thru/or drawing 8. In explanation of a drawing, identical codes 
are given to the same element and the overlapping explanation is omitted to it The rate of a 
proportion of a drawing is not necessarily in agreement with the thing of explanation. 
[0025]The composition of the 1st example concerning the optical communication line of this invention 
is shown in drawing 1. In this optical communication line, relay amplifier 30 2 - 30 N , variable optical 

attenuator 70 v and optical fiber amplifier 50 N+1 have connected to N stage transmission-optical- 
fiber 40 1 constructed between the transmitter 10 and the receiver 20 - 40 N . 

[0026]The transmitter 10 is the usual laser diode (LD), and generates an optical signal in transmitted 
wave length lambda s of wavelength the band of 1.5 micrometers. Variable optical attenuator 70 1 has 

the same composition as variable optical attenuator 70 2 mentioned later - 70 N , decreases the 

optical signal from a light emitting device by magnitude-of-attenuation A v and outputs it to optical 

fiber 40 1 for transmission of the first rank. 

[0027]Optical fiber 40 1 for transmission - 40 N are usual silica glass optical fiber, respectively, It has 

the path loss which serves as the minimum with wavelength the band of 1 .5 micrometers, amount of 
losses L Q - L N are given to the optical signal from relay amplifier 30 M of the preceding paragraph, 

respectively, and it transmits to latter relay amplifier 30 M+r Relay amplifier 30 2 - 30 N have the 

composition mentioned later, It has amplification peak wavelength lambda p which was in agreement 

with transmitted wave length lambda s of wavelength the band of 1 .5 micrometers, the optical signal 

from optical fiber 40 M _ T for transmission of the preceding paragraph is amplified by amplification 

factor G 2 - G N , and it outputs to latter optical fiber 40 M for transmission. 

[0028]Optrcal fiber amplifier 50 N+1 has the same composition as optical fiber amplifier 50 2 mentioned 
later - 50 N , and amplifies and outputs the optical signal from optical fiber 40 N for transmission of a 
last stage by amplification factor G N+r The receiver 20 is the usual photo-diode (PD) f and detects 
the optical signal from optical fiber amplifier 50 N+r 

[0029]The composition of relay amplifier 30 2 - 30 N is shown in drawing 2. Variable optical attenuator 
70 M is connected to the outgoing end of optical fiber amplifier 50 M in relay amplifier 30 M . Optical 
fiber amplifier 50 M amplifies the optical signal from optical fiber 40 for transmission of the 
preceding paragraph by larger amplification factor G' M than amplification factor G M , and outputs it to 
variable optical attenuator 70 M . Variable optical attenuator 70 M decreases the optical signal from 
optical fiber amplifier 50 M by maghitude-of-attenuation A M , and outputs it to latter optical fiber 40 M 
for transmission by amplification factor G M as relay amplifier 30 M after all. 

[0030]The composition of optical fiber amplifier 50 2 - 50N N is shown in drawing 3. The course for 

amplification in which an optical signal results [ from the optical multiplexing machine 54 ] in the light 
branching machine 59 through the optical isolator 55, the optical fiber 57 for amplification, the optical 
isolator 56, and the optical filter 58 comprises optical fiber amplifier 50 M . The branched route with 

the excitation light from the excitation light source 53 to [ branched route ] the optical multiplexing 
machine 54 and the branched route with a part of optical signal from the light branching machine 59 
to [ branched route ] the photodetector 60 are constituted, respectively. Wiring which electrically 
connects between the photodetector 60, the control circuit 51, the driving source 52, and the 
excitation light sources 53 is given. 

[0031]The excitation tight source 53 is the usual LD, generates the excitation light with a wavelength 
of 1.48 micrometers which has the light intensity corresponding to the driving current from the driving 
source 52, and outputs this to the optical multiplexing machine 54. The optical multiplexing machine 
54 is a 2 to 1 wavelength-multiplexing division fiber coupler of a melting roll, multiplexs and outputs 
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the excitation light from the optical signal and the excitation light source 53 from optical fiber 40 MH 

for transmission of the preceding paragraph to the optical isolator 55. The optical isolator 55 is a 

polarization-independent type optical isolator, and outputs the optical signal and excitation light from 

the optical multiplexing machine 54 only to other one way at the optical fiber 57 for amplification. 
[0032]The optical fiber 57 for amplification is Er addition silica glass optical fiber (EDF) which a little 
erbium (Er) ion added as an active substance to the core, By the stimulated emission of Er ion 
excited by the excitation light from the optical isolator 55, the optical signal from the optical isolator 
55 is amplified, and it outputs to the optical isolator 56. The optical isolator 56 is a polarization- 
independent type optical isolator, and outputs the optical signal from the optical fiber 57 for 
amplification to the optical filter 58 only in other one way. The optical filter 58 is the usual band pass 
filter. 

It has the transmission center wavelength which was in agreement with transmitted wave length 
lambda s of an optical signal, and a noise component and an excitation light ingredient are removed 

from the optical signal from the optical isolator 56. 

[0033]The light branching machine 59 is an one-pair dichotomy fiber coupler of a melting roll, 
branches to the photodetector 60 and variable optical attenuator 70 M by branching ratio a: (1-a), and 

outputs the optica] signal from the optica! filter 58. It is usual PD, and the photodetector 60 detects 
the optical signal from the light branching machine 59 f and photoelectric conversion is carried out to 
the measurement signal corresponding to the light intensity, and it outputs it to it. The control circuit 
51 outputs a control signal based on the measurement signal from the photodetector 60. The driving 
source 52 outputs the driving current which has a current value corresponding to the control signal 
from the control circuit 51. 

[0034]The composition of variable optical attenuator 70 1 - 70 N is shown in drawing 4. The course 

for attenuation in which an optical signal results [ from the collimating lens 71 ] in the collimator 72 
through the magnitude-of-attenuation variable region 73 comprises variable optical attenuator 70 M . 

The collimating lens 71 outputs the optical signal emitted and inputted from optical fiber amplifier 50 
M as a parallel beam. In the magnitude-of~attenuation variable region 73, the rotating ND (Neutral 

Density) filters 74 and 75 of two sheets lean to the light flux of an optical signal, for example, it is 
arranged at Ha's shape, and the magnitude of attenuation changes with each angles of rotation 
continuously. By reflecting a part of optical signal from the collimating lens 71 outside with ND filters 
74 and 75, this magnitude^of-attenuation variable region 73 decreases an optical signal, and outputs 
it to the collimating lens 72. The collimating lens 72 converges the optical signal inputted as a parallel 
beam from the magnitude-of-attenuation variable region 73, and outputs it to optical fiber 70 M for 

transmission. 

[0035]Transmitted wave length lambda s of the optica! signal generated from the light emitting device 

of the transmitter 10 is set up so that optical fiber 40 1 for transmission - amount of losses L 1 in 40 

N - L N may serve as the minimum value, respectively. So that optical fiber 40 1 for transmission - 

amount of losses L t in 40 N - L N may be compensated, respectively, Amplification factor G 2 in relay 

amplifier 30 2 - 30 N , and optical fiber amplifier 70 N+1 - G N+1 are set up, respectively. 

[0036]So that amplification peak wavelength lambda p in optical fiber amplifier 50 2 - 50 N+1 may be in 

agreement with transmitted wave length lambda s of an optical signal, respectively, In order to adjust 

the relay loss doubled with optical fiber 40 t for transmission - amount of losses L t in 40 N - L N , 

variable optical attenuator 70 1 - magnitude-of-attenuation A 1 in 70 N - A N are set up, respectively. 

It corresponds to variable optical attenuator 70 t - magnitude-o^attenuation A 1 in 70 N „., - A N _ V So 

that it may become respectively larger enough than the value which needs for realization of relay 
amplifier 30 2 - amplification factor G 2 in 30 N - G N the power of the excitation light inputted into the 

optical fiber 57 for amplification of optical fiber amplifier 50 2 - 50 N , Amplification factor G' 2 -G' N in 

optical fiber amplifier 50 2 — 50 N is set up, respectively. 
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[0037]So that the fiber length of the optical fiber 57 for amplification in optical fiber amplifier 50 2 - 

50 N+f is lon S' Ae for the fiber len S th - s 'n° e the margin of the relay loss which can be adjusted by 

magnitUde-Of-attenuation A 0 in variable optical attenuator 70 , - 70 N - A N is extended, it is 

desirable to set up in the range which does not degrade the noise characteristic of an optical signal 
as for a long time as possible. 

[0038]Next, an operation of the 1 st example of the above is explained. 

[0039]In optical fiber amplifier 50 M of relay amplifier 30 M , the driving source 52 outputs the driving 

current which has a current value corresponding to the control signal from the control circuit 51, and 
outputs the excitation light in which the excitation light source 53 has the light intensity 
corresponding to the driving current from the driving source 52. The excitation Jight outputted from 
the excitation light source 53 is inputted into the optical fiber 57 for amplification via the optical 
multiplexing machine 54 and the optical isolator 55, and excites Er ion of the active substance added 
to the core. The excitation light outputted from the optical fiber 57 for amplification is inputted into 
an optical filter via the optical isolator 55, and is removed from the course for amplification by 
absorption or reflection. 

[0040]In this state, the optical signal from optical fiber 40 „ 1 for transmission of the preceding 
paragraph. It inputs into the optical fiber 57 for amplification via the optical multiplexing machine 54 
and the optical isolator 55, and is amplified by the stimulated emission of Er ion excited with the core 
by amplification factor G' M corresponding to the power of excitation light, respectively. The excitation 

light outputted from the optical fiber 57 for amplification is inputted into the optical filter 58 via the 
optical isolator 55, and noise light is removed. With the light branching machine 59, the optical signal 
outputted from the optical filter 58 branches to the photodetector 60 and variable optical attenuator 
70 M by branching ratio a: (1-a), and is outputted. The measurement signal corresponding to [ detect 
an optical signal and ] the light intensity while the photodetector 60 branched with the light branching 
machine 59 is outputted. The control circuit 51 performs feedback control so that the light intensity 
of the excitation light which outputs a control signal based on the measurement signal from the 
photodetector 60, and is outputted from the excitation light source 53 may become fixed. 
[0041]In variable optical attenuator 70 M of relay amplifier 30 M , the optical signal emitted and 

inputted turns into a parallel beam from optical fiber amplifier 50 M with the collimating lens 71. A part 

is reflected outside with two ND filters 74 and 75 of the magnitude-of^attenuation variable region 73, 
and the optical signal from the collimating lens 71 is decreased by magnitude-of-attenuation A., 

corresponding to each angle of rotation. It converges with the collimating lens 72 and the optical 
signal outputted as a parallel beam from the magnitude-of-attenuation variable region 73 is outputted 
to latter optical fiber 40 M for transmission. 

[0042]In the optical communication line using such relay amplifier 30 2 - 30 N . It generates with the 

transmitter 10, it decreases by magnitude-of-attenuation A t by variable optical attenuator 70 v and 

is outputted, and the optical signal of transmitted wave length lambda s loses amount of losses l_ t by 

optical fiber 40 1 for transmission, and is transmitted. The optical signal inputted into relay amplifier 

30 2 is amplified by amplification factor G' 2 by optical fiber amplifier 50 T Here, by changing 

magnitude-of-attenuatibn A 1 corresponding to amount of losses L v the relay loss is adjusted so that 

amplification peak wavelength lambda p of optical fiber ampfifier 50 2 may be in agreement with 

transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 

signal component can discriminate enough to a noise component/Therefore, in the transmitted wave 
length field which an optical fiber amplifier amplifies, it discriminates from a signal component to 
noise, and amplification becomes possible. 

[0043]This amplified optical signal is decreased by magnitude-of-attenuation A 2 by variable optical 
attenuator 70 2 , is outputted from relay amplifier 30 2 , is lost in amount of losses l_ 2 by optical fiber 
40 2 for transmission, and is transmitted. However, in relay amplifier 30 2 , after an optical signal is 
amplified by amplification factor G' 2> it is decreased by magnitude-of-attenuation A 2 , and it is 




amplified by amplification factor G 2 as a result The optical signal inputted into relay amplifier 30 3 is 
qmplified by simplification factor G' 3 by optical fiber amplifier 50 3 . Here, by changing magnitude-of- 

attenuation A 2 corresponding to amount of losses L 2 , the relay loss is adjusted so that amplification 

peak wavelength lambda p of optical fiber amplifier 50 3 may be in agreement with transmitted wave 
length lambda s of an optical signal. Therefore, an optical signal is amplified so that a signal 
component can discriminate enough to a noise component. 

[0044]This amplified optical signal is decreased by magnitude-of-attenuation A 3 by variable optical 
attenuator 70 3 , is outputted from relay amplifier 30 3 , is lost in a loss by optical fiber 40 3 for 
transmission at amount of losses l_ 3 , and is transmitted. However, in relay amplifier 30 3 , after an 
optical signal is amplified by amplification factor G' 3 , it is decreased by magnitude-of-attenuation A 3 , 
and it is amplified by amplification factor G 3 as a result. 

[0045] Hereafter, such relay amplification is performed in multistage. And the optical signal inputted 
into relay amplifier 30 N is amplified by amplification factor G' N by optical fiber amplifier 50 N . Here by 

changing magnitude-olHattenuation A N _ t of variable optical attenuator 70 N _ t corresponding to 

amount of losses l_ NH of optical fiber 40 N-1 for transmission, The relay loss is adjusted so that 

amplification peak wavelength lambda p of optical fiber amplifier 50 N may be in agreement with 

transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 

signal component can discriminate enough to a noise component. 

[0046]This amplified optica! signal is decreased by magnitude-of-attenuation A N by variable optical 

attenuator 70 N , is outputted from relay amplifier 30 N , is lost in amount of losses l_ N by optical fiber 

40 N for transmission, and is transmitted. However, in relay amplifier 30 N , after an optical signal is 

amplified by amplification factor G' N , it is decreased by magnitude-of-attenuation A N , and it is 

amplified by amplification factor G N as a result. The optical signal inputted into optical fiber amplifier 

50 N+1 is amplified by amplification factor G N+r Here, by changing magnitude-of-attenuation A N 

corresponding to amount of losses L N , the relay loss is adjusted so that amplification peak 

wavelength lambda p of optical fiber amplifier 50 N+1 may be in agreement with transmitted wave length 

lambda s of an optical signal. Therefore, an optical signal is amplified so that a signal component can 

discriminate enough to a noise component This amplified optical signal is inputted into the receiver 
20, and is detected. Therefore, transmission of a lightwave signal is attained in the transmitted wave 
length field which an optical fiber amplifier amplifies. 

[0047]The relation of the relay loss and amplification peak wavelength in optical fiber amplifier 50 2 - 
50 N+1 is shown in drawing 5 and drawing 6. In such an optical fiber communications system, 
transmitted wave length lambda $ of an optical signal to 1560 micrometers. Optical fiber 40 1 for 
transmission - amount of losses L 1 of 40 N - L N , respectively 10 dB, When variable optical attenuator 
70 1 - magnitude-of-attenuation A 1 of 70 N - A N are set as 0 dB, respectively, in drawing 5 and 
drawing 6, amplification peak wavelength fambda p is in agreement with transmitted wave length 
lambda^, 

[0048]Here f if transmitted wave length lambda s is changed into 1558 micrometers, amplification peak 
wavelength lam.bda p continues being 1560 micrometers, and the transmission characteristic of an 
optical signal will deteriorate. Then, by setting variable optical attenuator 70 1 - magnitude-of- 
attenuation A t of 70 N - A N as 5 dB, respectively, Since amplification peak wavelength lambda p can 
make it in agreement with transmitted wave length lambda s according to drawing 5 and drawing 6, an 
optical signal has a good noise characteristic and is amplified, 

[0049]Therefore, since amplification peak wavelength lambda p of optical fiber amplifier 50 2 - 50 N+1 




can be adjusted corresponding to this even if transmitted wave length )ambda s of an optica! signal is 

changed; the transmission characteristic of an optical signal is held good. That is, transmission of a 

nghtwave signal is attained in the transmitted wave length field which an optical fiber amplifies. 
[0050]The composition of the 2nd example concerning the optical communication line of this 
invention is shown in drawing 7. In this optical communication line, relay amplifier 30 ^ - 30 ^ have 

connected to N stage transmission-optical-fiber 40 1 constructed between the transmitter 10 and 
the receiver 20 - 40 N . Here, except for relay amplifier 30 t - 30 N , the inside of the transmitter 10, 
optical fiber 40 1 for transmission - 40 N , and the receiver 20 is constituted like the 1st example of 
the above. 

[0051]The composition of relay amplifier 30 1 - 30 N is shown in drawing 8. Optical fiber amplifier 50 
M is connected to the outgoing end of variable optical attenuator 70 M in relay amplifier 30 M . Variable 
optical attenuator 70 M decreases the optical signal from optical fiber 40 M for transmission of the 
preceding paragraph by magnitude-of-attenuation A M , and outputs it to optical fiber amplifier 50 M . 
Optical fiber amplifier 50 M amplifies the optical signal from variable optical attenuator 70 M by 
amplification factor G M , and outputs it to latter optical fiber 40 M+1 for transmission. Here, the inside 
of variable optical attenuator 70 1 - 70 N and optical fiber amplifier 50 1 - 50 N is constituted like the 
1 st example of the above. 

[0052]So that amplification peak wavelength lambda p in optical fiber amplifier 50 1 - 50 N may be in 
agreement with transmitted wave length lambda s of an optical signal, respectively, In order to adjust 
the relay loss doubled with optical fiber 40 t for transmission - amount of losses L 1 in 40 N - l_ N , 
variable optical attenuator 70 1 - magnitude-of-attenuation A t in 70 N - A N are set up, respectively. 
[0053]Next, an operation of the 2nd example of the above is explained. 

[0054]In variable optical attenuator 70 M of relay amplifier 30 M , the optical signal emitted and 

inputted turns into a parallel beam from optical fiber 40 M for transmission of the preceding paragraph 

with the collimating lens 71. A part is reflected outside with two ND filters 74 and 75 of the 
magnitude-of-attenuation variable region 73, and the optica! signal from the collimating lens 71 is 
decreased by magnitude-of-attenuation A M corresponding to each angle of rotation. It converges 

with the collimating lens 72 and the optical signal outputted as a parallel beam from the magnitude- 
of-attenuation variable region 73 is outputted to optical fiber amplifier 50 M . 

[0055]In optical fiber amplifier 50 M of relay amplifier 30 M , the driving source 52 outputs the driving 

current which has a current value corresponding to the control signal from the control circuit 51, and 
outputs the excitation light in which the excitation light source 53 has the light intensity 
corresponding to the driving current from the driving source 52. The excitation light outputted from 
the excitation light source 53 is inputted into the optical fiber 57 for amplification via the optical 
multiplexing machine 54 and the optical isolator 55, and excites Er ion of the active substance added 
to the core. The excitation light outputted from the optical fiber 57 for amplification is inputted into 
an optical filter via the optical isolator 55, and is removed from the course for amplification by 
absorption or reflection. 

[0056]this — a state — a variable optical attenuator — 70 — M — from — an optical signal — 

optical multiplexing — a vessel — 54 — an optical isolator — 55 — passing — amplification — ** — 
an optical fiber — 57 — inputting — the — a core — having excited — Er — ion — a stimulated 
emission — excitation light — power — having corresponded — an amplification factor — G — 1 — 
M — respectively — amplifying — having . The excitation light outputted from the optical fiber 57 for 

amplification is inputted into the optical filter 58 via the optical isolator 55, and noise light is removed. 
With the light branching machine 59, the optical signal outputted from the optical filter 58 branches by 
branching ratio a: (1-a) to optical fiber 40^ for transmission of the photodetector 60 and the latter 

part, and is outputted. The measurement signal corresponding to [ detect an optical signal and ] the 
light intensity while the photodetector 60 branched with the light branching machine 59 is outputted. 



The control circuit 51 performs feedback control so that the light intensity of the excitation light 
which outputs a control signal based on the measurement signal from the photodetector 60, and is 

outputted from the excitation light source 53 may become fixed. 

[0057]In the optical communication line using such relay amplifier 30 1 - 30 N , it generates with the 
transmitter 10, and the optical signal of transmitted wave length !ambda s loses in amount of losses L 1 
by optical fiber 40 1 for transmission, and is transmitted. The optical signal inputted into relay 
amplifier 30 1 is decreased by magnitude-of-attenuation A t by variable optical attenuator 70 v and, in 
the back, is amplified by amplification factor G 1 by optical fiber amplifier 50 y Here, by changing 
magnitude-of-attenuation A 1 corresponding to amount of losses L v the relay loss is adjusted so that 
amplification peak wavelength lambda p of optical fiber amplifier 50 1 may be in agreement with 
transmitted wave length lambda s of an optical signal. Therefore, an optical signal is amplified so that a 
signal component can discriminate enough to a noise component. 

[0058]The optical signal outputted by amplifying from relay amplifier 30 t is lost in amount of losses 
l_ 2 by optical fiber 40 2 for transmission, and is transmitted. After decreasing the optical signal 
inputted into relay amplifier 30 2 by magnitude-of-attenuation A 2 by variable optical attenuator 70 2 , 
it is amplified by amplification factor G 2 by optical fiber amplifier 50 2 , Here, by changing magnitude- 
of-attenuation A 2 corresponding to amount of losses l_ 2 , the relay loss is adjusted so that 
amplification peak wavelength lambda p of optical fiber amplifier 50 2 may be in agreement with 
transmitted wave length lambda s of an optical signal. Therefore, an optica! signal is amplified so that a 

signal component can discriminate enough to a noise component. Therefore, in the transmitted wave 
length field which an optical fiber amplifier amplifies, it discriminates from a signal component to 
noise, and amplification becomes possible. 

[0059] Hereafter, such relay amplification is performed in multistage. And after decreasing the optical 
signal inputted into relay amplifier 30 N by magnitude-of-attenuation A N by variable optical attenuator 

70 N , it is amplified by amplification factor G N by optical fiber amplifier 50 N . Here, by changing 

magnitude-of-attenuation A N corresponding to amount of losses l_ N of optical fiber 40 N for 

transmission, the relay loss is adjusted so that amplification peak wavelength lambda p of optical fiber 

amplifier 50 N may be in agreement with transmitted wave length lambda s of an optical signal. 

Therefore, an optical signal is amplified so that a signal component can discriminate enough to a noise 
component. 

[0060]Therefore, since amplification peak wavelength lambda p of optical fiber amplifier 50 t - 50 N 

can be adjusted corresponding to this even if transmitted wave length lambda s of an optical signal is 

changed, the transmission characteristic of an optical signal is held good. That is, transmission . of a 
lightwave signal is attained in the transmitted wave length field which an optical fiber amplifies. 
[0061]This invention is not restricted to many above-mentioned examples, and various modification is 
possible for it. 

[0062]For example, although Er added optical fiber is used as an optical fiber for amplification of an 
optical fiber amplifier in many above-mentioned examples, This is replaced by usual silica glass optical 
fiber, and even if it uses an optical fiber amplifier as a Raman amplifier by using Nd:YAG laser etc. as 
the excitation light source, the same operation effect is obtained. 

[0063]In many above-mentioned examples, although the ND filter is used as a magnitude-of- 
attenuation variable means of a variable optical attenuator, optical density should just use a neutral, 
i.e., the thing which does not almost have wavelength dependency in the magnitude of attenuation. 
[0064]In many above-mentioned examples, although the optical fiber is used as an optical 
transmission line between two relay amplifiers, it may be replaced by transmission and the space 
propagation by an optical waveguide etc. 
[0065] 

[Effect of the InventionjAs mentioned above, according to this invention, the magnitude of 
attenuation of the optical signal in a relay amplifier adjusts the relay loss of an optical signal together 



with the amount of losses of the optical signal in the optical transmission line of the preceding 
paragraph or the latter part, and it is set up to have explained in detail so that the amplification peak 

wavelength of a relay amplifier may be in agreement with the transmitted wave length of an Optical 

signal. Therefore, by performing such relay amplification in multistage, an optical signal has a good 
noise characteristic and is amplified. 

[0066]Since an optical signal is amplified by a good noise characteristic with a relay amplifier when 
the magnitude of attenuation of the optical signal in a relay amplifier is variable even if the 
transmitted wave length of an optical signal is changed, the transmission characteristic of an optical 
signal is held good. 
[Brief Description of the Drawings] 

[D rawing 1]It is a lineblock diagram showing the 1st example concerning the optical communication 
line of this invention. 

[Drawing 2] It is a lineblock diagram showing the relay amplifier in the optical communication line 
shown in drawing 1. 

[Drawing 3]It is a lineblock diagram showing the optical fiber amplifier in the relay amplifier shown in 
drawing 2. 

[Drawing 4]It is a lineblock diagram showing the variable optical attenuator in the relay amplifier 
shown in drawing 2. 

[Drawing 5]It is a plot showing the relation of a relay loss and amplification peak wavelength in case 

the material composition of the optical fiber for amplification in a relay amplifier differs. 

[Drawing 6]It is a plot showing the relation of a relay loss and amplification peak wavelength in case 

the fiber length of the optical fiber for amplification in a relay amplifier differs. 

[Drawing 7]It is a lineblock diagram showing the 2nd example concerning the optical communication 

line of this invention. 

[Drawing 8]It is a lineblock diagram showing the relay amplifier in the optical communication line 
shown in drawing 7. 
[Description of Notations] 

10 — A transmitter, 20 — A receiver, 30 1 - 30 N — Relay amplifier, 40 1 - 40 N — The optical fiber 

for transmission, 50 1 - 50 N — Optical. fiber amplifier, 51 [ — Optical multiplexing machine, ] — A 

control circuit, 52 — A driving source, 53 — The excitation light source, 54 55, 56 [ — A light 
branching machine, 60 / — A photodetector, 70 t - 70 N / — A variable optical attenuator, 71, 72 / 

— A collimating lens, 73 / — A magnitude-of-attenuation variable region, 74, 75 / — ND filter. ] — 
An optical isolator, 57 — The optical fiber for amplification, 58 — An optical filter, 59 
Representative patent attorney Yoshiki Hasegawa 
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So 

[0025] ytyr^/ymsms o»., asBs-r*^ 
T-f/^WHBsoi ~5o s am 

M T?HWf UTtfl^-rSo SfH§§2 0tijffiflt©7* 
-f*- F (PD) T*&f), ^r^fffllSSOw 

[0 0 2 6] 02£, ^iflSffi 3 0 2 ~3 0» 
£^to $8891883 01 T'fci, «7r-f/«Wi»5 0 

7r^<«i»5 Oi », MI3<D{s&fflft77^4 0 

« ~&mu ^gy&ami o. tnmTj-rso Rnejts 

MSSA. 7F«U ^*»it*lf§3 0« fcLTtt* 
[0 0 2 7] B3«C, ^7r^«fflB8S5 Oi ~5 0N 

k ©^sg*^-r„ «7r^«t<Bffi5 0i. *ea, «^ 

5 4 6ft7>f V^S5, i§t|@fflft7 7 
^5 7, ^7^5 6&tf}fc7-</l'*5 8£H 

ft, 8HSX)raHB%i(5 3fr6ft#i£835 4£55#I8 

*fcais6 o. ftHmafts 1 . urns zmsmmmk 

[0 0 2 8] m&ytM5 3t4fflit(DLD7?&9, SHOTS 
1.48/1 mCD{SiSft£:f§£ U C iVKfc&j&Sg 5 4 

tftfrr*. jt^ifta 5 4 «?gm®#§a« 2 » i m^m. 

5 t4««Sc#§!ft7 ^ V I/- * Tf $ 5 , ftt%«S& 5 4 

[0029] ^mmytyr^^5 7 itzw^rimmo 

x;P£7A (E r) -Y * y^rgttfeSt £: LZWdMLfc E 
r^ne^^r-TM (EDF) T'fe*), ftr^vu 
-Z5 5^6©iS)S5tT®lSLftE r^tfyOSfiftftfl 

r-fVU— *5 6Etf}7j-r-So *T-YVU-*5 6 »|g 
}&Mfe#S^7-r 7 T?& 0 , igij@fflft7 7 -f^ 5 
7fre>©fi#ft£ft7'i'/l'# 5 8K|ftd-^jRF<0*tta 

7jf3o ft7>r.rt/£5 8fi, ilit^y bv«7-f;W 
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[0030] yarn® 5 9 BmEttso 1 n 2 $m£7 

r-f/tt^T**?), ft7-r;l/#5 8frS><DfB^ft£# 
mtta: (I -a) 7?ftjfttfi86 0 fcWgft««87 0 

5 , ftSMSSI 5 9 6 ®#^ft£#itti U *«WlSlftfc 
*fl6LfcHJEfll^E«««tTffl*-rSo MASK 5 

io i ft^tua 6 o e oarsffl^K tf^rwwss 

%£fi73f 3= JgIj^M5 2tt, IM&I1BS5 1 3b^&OSI» 

^ K^JS U ft: «i!fiffi**-r * W 73 f 5 o 

[0 0 3 1] 04 K, ^nSJtj«*» 7 0 1 ~7 0» ©* 
fiSc^^-To RlIEJt»*ffl 7 0 1 7?ti, fi^ftj&tou*- 

$uyX7 i*»6a**^rs*7 3ssT3y^-*7 

X7 1(4, 3t7 7-Y^itliSS5 0i ^5SHRLTA*t 

ft^^e«¥fi%tLT^-rSo as* rT^sp 7 3 r- 

{4, 2$<DND (Neutral Density) 

20 7 4. 7 5j&^#Jt©^{e*fLT^T, MAI£/nO 

tcgft-T^o co«gfipTgS7 3tt, n'^-^by 
X7 l*»60^^<t>— SP*ND7-f;^7 4, 7 57? 

$ls>X7 2K&t}?& 0 *-ZUyX7 2(4, S 
SS^SP 7 3 Jttfc LTA73 Lftji^^^lR^ 

u fs^ffl7 I e77i'/^7 o» tm^-rso 

[0 0 3 2] (siM77'l'/U0 1 ~4 0» 

30 e, atMggi oajBiBKw&aft-rsfcwtoeaafc 

SAsA^BS^**iT^* 0 Sft, •fSiiffl7 , 67 7'('^4 0 
, ~4 0!< Kfe(t5ffl*fiL.~Li Jb^tl^tvtifll* 
ft*J:^kl, ^ttflWHSSO* ~3 0* Rt}yt7r^^ 

[0 0 3 3] tft, ^7 7-l'/ i ?if'|iIfg5 0-/ ~5 0k., 

40 mtzrctbic, HjaKtsK»7o> ~7o« tfen-sw 

ytffiM$§7Qi ~7 0m Efe^^MsfiAi —As-. 
tC^f/SU 7 x £^7'^^^I§g5 0 2 ~5 0n OifiHfflJt 

ZQt ~3 0s tfe^StHg^Gz — G« ©SliEKiBg 

lif@§g5 0 ? ~5 0v EfettStfipI^G % ~G '» ^ 

[0 0 3 4] ^7 7Y/ < ?Ji'fiMf§5 0 Z -50 

50 «.i E*)tt^l|(>Iffl^7 7-rM5 7077-r^fi^S^ , > 
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* ^mmx*x° t s s < ss^t s c k *»a s u >„ 

[0 0 3 5] ±B» 1 SiKWDftffitCO^TlWfl 

[0 0 3 6] 0m ©3fc7r-f/«iW»5 

«DE r W '*>*iSlfi1-». i«77^5 7* 

[0 0 3 7] CC^lT?, Wa®©aSffl3tt7r-f-'<4 0 

5*^l/Tif«lffl)e7r-f^5 7tA*U *©377 
BteELftBr^yOiPWIltfJlcAO, ®JiEtt©^7- 

M57 7-//<5 7fr6atfjLfcfflli©fc»* 

5 5%ftLTft7i-/l/£ 5 8 tX*LTHSBfetfllte* 

5 9 T?#ttJ± a : ( 1 - a ) TfJfitttHS 6 0 Rl3E)t» 
[0 0 3 8] cpflEftHf % 3 0 ■ <ORTS)t«R88 7 0 « t? 

b^X7 i ^e»tDff "^ye&s ^MM^^i 3<d~-o<d 

ND7^M7 4, 75 T*--&ififtmc.EMi2tU ^ 

*-*pyX7 2T?iKJfcSftT^0<5SJSft7 7-Y^ 
[0 0 3 9] d©<i:d ft ^18*1^3 0 2 ~3 0» 

o u Bigtmrnm 70. t * t> mss a , -ess 
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[0040] coimznrcm^ffiz, Rrg««ss§7 
m^sn, easffl3fi7r^4 0i ^^s^ml* 

T?JSffi*G % -piB(s*n«o ££T\ S**L 2 left 

a s ic-mt&&?ic, WBn&jm&istvcv&a * 
[0041] co«iiB*nftS^ttt % BiiE3eHffiS7 

THi, ff^aiSte^G '^^g^tlfc^MsaA 

[0042] wt, c:«±dftw^^\ $>micmn 
^?-f*stTRr^iigg§7 o»- . owmrnh* *mt 

[0 0 4 3] co«MB**i«Hi«tt % RTSJl£SiSffi7 

0v ^Afj^MAn -eM^LTEfi»tiii§§3 o K 

»*bTffij3l*nS 0 TcfcU WttffiS3 0i T?ti, 
«*3ttt*S*G'i TfifiSSntelttcMSfiAi! T?K 

g^n, ffi*tUTit9«*G. 7?««Sn*. 7^7 7 

[0044] H5atfH6k:. yt7r4^mm3%5 o 2 

~5 0. w E*«-*iJi|t«lfti:iWHl?-^tt«i:OBBff 

50 eSSSAs ^1 5 6 Q/imK, &Mm}t77<<'*4 0 
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> ~4 0« OSML, ~L» mftllOdB, rT 
StHSES387 0i -7 0* ©i$gfiA, -An tf^n^f 

nodBKaas*nr^««^, Hs&ffHe-etiitMfi 

tf-^ifcSA, tfggi&SAs fc-&LT^S 0 
[0 0 4 5] ClT\ fsJ^fclAs *1 5 5 8 finite 
ETSts tWIlf— ^ifcfiAr ifi l 5 6 0 Jim©**"*? 

SJKSSSS7 0i -7 0, A i -An *5dB 

t^s d 

[0 0 4 6] Vtctf^X, fi^toeaiiftSAs tfgg 

0»« ©^Itf-^S*Ap ^SWSdi^T'tS© 

[004 7] B7IC, MOBiSlciSS 2 Sffg 

8g2 0k©HK»»bfc^S3t7r-l'^4 0. -4 0* 
ctyRHfMift 3 0 . ~3 0» ^NatcSBttLr^So 

e c -m, ^«^±itM#g 3o,~3o. %m^r, mm%5 

10, CT)K77Y^4 0, -4 0-. £tfg{Bg32 0 

©rt*«u ±MBmi$mM£mm:mmzti?^&o 

[0 0 4 8] 08^, (fifltigffiSS3 0. -3 0. ©«$ 

o, ttbrj-rso ft? wastes so. a, arg^s? 

^KS{g7 0i -7 Oi, R^^r-l'/StfifgtgS 0< ~ 

5 On owit ±ie^i assent N«E«fiStsnrv^ 

-So 

[0 0 4 9] **>\ yt77J^mm%s5 O, -5 0. t 

ft^en— ssc-rs«fc5K:. fiasffl*7r-<^4 0i -40 

tSfc&E, RT^7feMgli7 0. -7 0, ICfettS^g 
MA, -Ah tfJtftJpftWeStlT^*. 
[0 0 5 0] JWc, ±gB»2Hfifig!t!)fffflfc:r3«,^T»W 
•TSo 

[0 0 5 1] rf)ffi4Heffi3 0« «oJg^MSI§7 0. T* 
(4, ffigW>£^ft77^/U0ifr&^LTA*b 

ftflt*3fta«3 u t-z vyxi l -e^FfrJt a u 

^-*UVX7 lfr&©<I^ti\ Mgji nJgg|5 7 3 © 
roc ND7^M7 4, 75 T?— gfoWSPEjESif^ 

(4, 3«j^-^u^X7 2 -eiKm^nr^ 77-^/^1 
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[0 0 5 2] (f>glfMHg3 0. ©^7 7^/Sigi|ig#§5 0 

. T?ti, HMHR 5 2 3b^J®@SS 5 lfr6©iftlWi^ 
ffl#77-i7*5 7KA*U ^©n^fcSitobfcifSffifij 

10 fflft Lfcl&jgfttt, ft7-fVlx-£5 5&/MV01£7>r 

G&£?nSo 

[0 0 5 3] £©««■?, f»JM$«g§7 0k a^©© 

*HBJfc7 7-1^5 7KA*U IsfcE r 

^*>©K«KlWcJ:!), B8Bfc0/*7-K»lSbfc* 

20 5 8 6ffi;fr tfeM^ti, Jt^dgS 5 9 T'^KJt 
a : (1-a) TStt«tMl6 0 fc«fit©fi3iffl3tt7r'f 

®m 5 9 -esMe l fc-#©£^*ttffi ^©7t?s® 

lc3tj£bfe»IS^*ffi*'r«. $iJ»[@]SS5 lit. WL 

am 6 o *»6 ©ij^ffl#icSo*t/^T$y®fi^tB* u 

6!ig^M5 3*6m^1-5a^©^?fifi*-St<:&S 

[0 0 5 4] C©,t-5*4'^i|i§g3 0, -30. 
ffl t fc^ilff SST^i, {e^S A s ©ft^^jSSMffll 1 

30 0T»££U CT*77^4 0, ti^a^fiL, 

^Jttt, RTiEJt»«ffi7 0.»i:J:0iSa*A. 7:«S 
tlH, ^7 7^11^5 0, T«^G, T'Jffi^n 

*8CttJ:!), ^7 7^/^itfe§§5 0, OIWBbf-^ 

•So 

40 [0 0 5 53 <WMWi»3 0i *»6JiiSUTffl**hft 

M'Wttt, ©aSffl3tt7r-Y^4 0tli:J:t)lll*«L. T- 
zSSAp *>M§^&<EH3Mifc6A s {c-SfTSJ:5tc, ^ 

50 So 



11 

Loose] wr zco&o%;tpMmmt>\ zwacnn 

)t77^ 3$nig 5 o , g n -&sm £ ft 
m^fcwtwgsftSo io 

[0 0 5 7] LfctfoT, M^DfrDfSmgAs AM 
intt. Cft£#JtoLT?£77-l'^«'ligg5 0, ~5 
0* ©tgifl^— ^ifcSAr %m&?&££tf-C'%&<D 

[0 0 5 8] *SKItt±j5^SIMItl»&tlSt 

[0059] ±iS3ti!«ffln?a. ^rw^is 
tm^ mmytmthTNd •. yagu— tf^ji^s 20 

[0 0 6 0] JbtEfgJiaSMT*^ RiajfciSailS© 
MgS^^I8£LTND7^/l/££ffli/Vt^.§;t>% % 

[0 0 6 1] Sft, ±ie^H»J^ti> -OOrfM^M 
[0 0 6 2] 30 



WfrW 7-1 5 4 338 
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c fit^jtttm&i&«iw«HtJc*^Lr«i|gsn 

•So 

[0063] srcs e^oesss^SMsnTt*, 
«fc 0 , «^3ta ffiftitfflsi-esjf ast^pftTf ft 

[0DB®ffi¥&!^] 

[ia 1 ] 1 Mtm^iiiA 

0T*&5 O 

[0 2] 0 1 CSVrjBHWWc**** fttttflMHSS^f 
[03] H2fc«"riW»»««}fc*«-*3e7r^/«(Mi 

[04] 0 2 ic^tt«imfflHc«(t« ^n©B(a§B* 

[06] +IMHH»lc*»-»*Sffl)l£7r-f/«D7r^ 

[07] *fSB^»fE&(^S^2*»J^-rffi^ 
0T s fe^o 

[08] H7K^-r3lSiflllSt*tJ«tt>»i»«8g§35f 

2 0-§ffig§, 3 0, -3 0, -tpW& 
ffiR 4 0, ~4 0»-£2Sfll31£7;?"lV^ 5 0,-5 
0s -%77-Y/^(NHH« 5 1--WIPHR, 5 2-Kft 
g& 5 3-OlB%flEU 5 4 5 5, 5 6- 

ytYsfVU-Z, 5 7-ifilfflft77-lV^ 5 8-Jt7 
5 9-:«#teSk 6 0-«(i)^ 7 0, ~7 
0* -^ne«i(BNBk 7 1. 7 
7 3 -i$8MoMg|5, 7 4. 7 5-ND7-fM 0 
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HffcUB] ¥J&1 0^6J3 3 H 
C^ffilE 1 ] 

cmie^#^] mmm 

t * § * a ens?- -s c tzmit ?%mmfcmi 



ammz] turner ^^mm^vmm^mm 

-m i 



JtfcStfSJfc? r-r/«IWHK©ilMit;-i'»fi*IWEfll 

[000 1] 



teffiPF 7-1 5 4 3 3 8 



[0 0 0 2] 

#t\ ft7 7w^0}flaMaKfctt*tf»fc*ra«* 
[0003] c©£5&w§(i§§fi, >t7 7-f/«8* 

[000 4] &&\ COA^ajfefrKffiEBiLTtts 
1 x "Societe des Electriciens et des Electroni 
ens(SEE), 2nd International Conference on Otical Fi 
ber Submarine Telecommunication Systems, S14 Poster 

Session <1>, pp. 168-169, 1993", 
$M2^ "United States Patent, No. 5187610" 

[0005] ^lt, £<Dtmmmvit. mwJtftz 

[0 0 0 6] C<D£5&PF'i£if'PS§§%/rb 

[0 0 0 7] 3; fc, 3 , TOver IHDD 2-channel WD 
M Transmission Experiments at 5Gbit/s Using 138 In 
-line Er-doped Fiber Ampllfiersj , O F C 9 3 P 
D3, 3t2 1E-S2 4M, (1 9 9 3¥2£) 

&m&m&ffi*mm lx, e r K-7%7r-rv<uis«» 

VSo £5MiSfiti 1 5 5 7 nm, 1 5 5 9 n tK 



[0 008] 

[000 9] H 5 ft J ffitfil'It§tC*5tt§tltMffl7 I fi7 7 
ftl3wt%, 0. 4wt%, 0. OSwtS^&tfOw 

ff*^, 77^S#Weft2 5nu 18mMl 
5mT?&3 3li£©i»Sffl3fc7r>fMfc*vvr, FftHtJg 

Udbt, iHSffl^7r-i'^O^ffl^^77-r/^ 

[ooio] &43> cojtd&ftijiEiaLxti, &£n 

EEE/LEOS OSA, Optical Amplifiers and their Applicat 
ions, TechnicalDigest S. vol. 13, pp. 82-85, 199l"& E 

tssmcfEttsnx^So 

[0 0 1 l] LfrbfttfB* Aittl3^6*iK3t:aBtt5 

nrv^^tcfe^r ^ i§Hffl^7 7 y^©7 7 wv<? 

ft****: ft < * 3 1 , JHHBfttf*** 3 * £©iif ^ 

{fcLX£j£ifcgi:-gcb£<£.Sc:fcfc&5 0 *<Ofc 
«k ftfig»*3fc7 7Y^X*iiRL;fcSU fi^fOe 

[0 0 1 2] *£X\ ±£0lQAjK«)iHA 

[0013] 



-m 2- 



f 



[0014] ^©jKifeissii, mmtyr-c 

tigg t mmy r jtv&m t <d ra©*»s** tm% 

[0015] %tc. ^m^ytm^m^mxit, mm 
[ooi6] sk, &5m<Dftm^&ffl3&?-iz, 
[0017] *%mcotpmmmmi, ^tyr^^m^ 

©$« t m c k & & £ o k mm. nmx & % . 

[0 0 18] *^O^ifW±, «77^«WBB 

zm&y£ffig®t)Wt}t%m*m*%v%yty7<<rt 

[00 19] 

[0020] ^?£WX&, TOfti*SS§©Mg«f^ & 

[0 0 2 1] Lfc^oT, £!©<kd&^MM#£« 

tirfe, cnicm,Lxm&(D*mmmm<omm¥-i> 

[0 0 2 2] £fc, ^Jgf^Cintf, Mm©3frfg«^ 

-ffi 3- 



WfflW- 7- 1 5 4 3 3 8 

^x*mm-£ftxim<DX&m$&ictii7i'$n% a c^rt 

©fl*fi£l^tfT{i^ftcO*illi*£§ffiU #77 

tz>&?icWim-znx^% a 

[0 0 2 3] Lfcti^X, C(D£5%;!pW;V£mif t &mi l C 

mtf*jmx$> % c i t «t o , ra^3fc©<3a&?ftStfSEB£ 

tlT*K onfcftJELT#77^itffi§§©iii|I£--# 
[0024] 

raw] ussw^fcjs&tffftafc 
m<DMmi03^xizm-mmK&m-ftn*ttu mm 

[0025] hie, *^©^a{f£gt^§^ 1 mm 

S2 0t©rafcftS8bft^)t7r^4 0i ~4 0« 
*^ ^fi1S§§3 0 2 -3 0. , W&t&tmi 0t R 

[0 0 2 6] j^ffgg 1 0 «ffl#©U'-1f^-f F (L 
#§7 0 2 -70. <t|W|-(r)*fiSt^Wb, H3HR?*»6© 

mm^^wmm^ xmmLxmmvfcmmyty 7 << * 

4 0, \LWlt%* 

[0 0 2 7] »)£7 7^4 0, ~4 0« ti^n^f 

naw©E3eiBe7 7 ^ 0 % mm 1 . 5 /* m^T- 

5©1i^t*^»Lo ~l« f^is© 

WINffiH 3 0 mm lefcm? &o 4>MII#§ 3 0 , ~ 3 

[0028] j>ty74/vmm5 o«« tiaats^ 

7-f/«9liffi5 0» -5 0k ©flb**#U 9% 

-y^*— k (pd) ytyr-f^mm^som tt 

[0 0 2 9] 02 Wtfi|i^3 0 2 ~3 0f ©SfiJc 
*g?T, «lifM§g3 0. T-ti, ^77^*il^5 0 
. otB7j^tc-sM#M«^7 0, A^^tiT^So % 



[0 0 3 0] %77>r/^mHI5 0i -5 ON 

&tugi6 o. »tn£S5 u mmnms zRxfmmytm 

[0 0 3 1] ®mytM5 3{ifflS£0LD^fet). SUlM 

its 2fr6©**«^#iSLfc3iaME*frr»»« 

l. 4 8fim©»iBJ l fi*3S£U ctift^aaS5 4fc 
tftfrTSo Jt&iS«5 4(i»Bgffi!©2*f lSfi^fi 

0 I-. * s <os^# ne^an 53*^ 6 ©ijsa^%^« 
5 tt«aHH§aBer-r y w * t«& 5 * 5 4 

[0 0 3 2] **ffl3e7 7^5 7H:*©37lC*ftO 
x;l/e7A (E r) -Y*>^ffittWUtbT»j!lDLftE 

r»WE3estt:77-i*>* cedf) x°hx>. ktjvv 

K<fco-Ot7-l*yU-*5 5^5©fi^3tt*HWiU ft 

7Jvi'-*5 6icmtit&o ytr-jvis-zs earn 

7 £> <r>^mVk%~7 -i )\>$ 5 8 IrJ -5 — * tH 

[003 3] 5 9 a?gill5Sff§y© 1 » 2 £*7 

SJrba : (1-a) 6 0 £ 5J£3tf0E8g 7 0 

. K#J£UTttl7rf5o 31£«ltH»6 0t4ffi»©PD-e* 

1 a, 3tttm»6 o*^ojiis{f^tca^^»'i^ 

[0 0 3 4] 04k:, nHKJtti*SS7 0i ~70« ©P 
^L-yX? l*6«««nI«fflS73*liT=iU>t-^7 

-ffi 4- 



7 — 1 5 4 3 3 8 

a, [Hte'r^2feOND (Neutral Density) 7-f>I/# 
7 4. 7 5*MB*tt03tt*k:J*l/Tfi«-T, f?!l*«V\<D 

X7 1 fr£>©{i*t7fr£>— S|i*ND7-c;V^ 7 4, 7 57? 

MiOSi 7 3 ^6¥fr3fct LTA* htdm^^M 
[0 0 3 5] J&fc, fejUffl^T-tVU Oi ~40» fc 

■ ~4o» K*»*ia^«Li~L. * s ^n^nM«? 

cpS8^i|ggg3 0 2 ~3 0» "BiXflt? T 4 rl 

mmmoM tc&vzmfrG* -g™ wztizn 

[0 0 3 6] MS77-r^tHS^5 0 2 ~5 0w 

*n^n-iSrrs«j:5fc, e«7r^4o, ~4 

Ip-rSfcl&fcU RT^7tMSg§7 0. -7 0s tcfett^M 

tiA, ~a» j^jen^wRssnTv^o «ne 

E^JSU 3t7r-</«ifi«5 0i ~5 0, OflWiffl^t 
77^5 7 tcA^*n^i)^©/-?7-^«iiifM^ 
3 0* —3 0* iCfcttSJfilg^Gz ~G» ©H^t^S 

if$lgg5 0! ~5 0« tC^tSif^G % ~G '« ^ 

[0 0 3 7] ^r'f/^'HSS 0 2 -50 

s.i icmf ^mmmyty r ^ 5 7^77^1*^ 

BH, Rlg7fei^gtg7 0, -7 0, KfettSiSgSAo 

«©i*, ^©7rY/ J 5«a{f#7^©*IB^tt^{b^^ 

[0 0 3 8] ±IBS 1 USSMOfffflEOV^T^ 

[0 0 3 9] TOtifig§3 0. <WK7r-T/ , 0WBH5 0 

. T?tt, mw 5 2 jytntmiiiK 5 

mt. «^ift»5 4 % ?t7^y W^5 5^/rLTtiifM 

^^^77^/^57^5 

mti LfcEteeyeti, *r-ryu-*5 5*^Lrjie7^ 
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[0 0 4 0] m&®fc%mft7 T J >^ 4 0 

ft5„ ft7^£5 StfSitiTjLfds^ftfct Jtt#*8 
5 9 -eatttfc a : C l - a ) if Jttttfjffl 6 0 £ US 
38* 7 0. K^fCffl**nS 0 ft&tii§§6 0tftt# 

tt» 5 9 vftt& Lfe-^©fi-^t*aa u 
6 o *6©itte«^icit'^^Ttiwfli^*a* u 

[0 0 4 1] 4)flHIMHI3 0i ORTS^WJSgTO. Tf 

VyXl lfrZVm^mZ, 7 3 <D -~dv> 

ND7-f;W7 4, 7 5 Tf— gRtf^gPEKi^tU "tft 

Mnr^gp7 3^6W^tbrtB^b^Wi, n'J 

^-^i^yX7 2-piRS*nras©e3Sfflji£7 7-f/'5 

4 0. {Ctt#j£ft&„ 

[0 0 4 2] C©<fc5ft'Wli4MB&3 0> -3 0* £f( 
0 T?«4 U RT^Msli 7 0 1 Kit) MS* A , T?i 
Li ^a^LT^sM^nSc Willing 3 0, ICA^L, 

fcgfbS-frStfcfc^Ds 7^7 r^^UWiai 5 0* ©« 

[0 0 4 3] C«D«NBStlfcfl»3tea. Rj^Msg§7 
0, fc«fct>«mfiAi l?«tT^I»iiiti#l3 0 2 tf?> 
UJ**tU ©51^77^4 0. (Ckt>»^Le T* 
IXLTgiSW. ifcfcU 4Mffi9B3 0i Tffci, 
^)tt(i*S^G"i ?-ifii@£*ifd££M8MAz TfM 
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[0044] coimm-ztifcimytit, tw&aami 
oj ej^mssa* T~imLz*mmm^3Q, tfe, 

[0045] wt, coj^awwrov. gmicmn 

ttx ft7 r 5 0i r*tffli$G *i -e«s*n 

So CCf, {2i£ffl^7 7"f/ J 5 4 On ©H^ML*-, 
fc *f JS t T Rj^^MSgg 7 0s-, ©Mgfi As-, *gf fc 

[0 0 4 6] COifllSnfcfi^ti, Rlia9f6«SSB7 
0 K fcicDMSMA, -C'MSLT«*tM#g3 0 t fr6 
m*^n, eSffi?67r^4 On fcJ;5»*fiL« Tf 

fi^fitwiwwG '» r-«««nfc»k:««MA. urn 

S*n, i|g*tLTJefi*G. T-igiM?n§ 0 3t7r-f 

'vmnr5o M tx*Lfc{g-^3ei4 v *<b*g w t? 

ft*ft***e:tlcj;0, 7te7r^/ , ;Jii|e§§5 o».i © 

So 

[0 0 4 7] BI5RtfH6t, %~7 T-f^M^m 5 0 ? 

fgjiifeSAs 1 5 6 0 (tmlC, 'E^ffl7 I d7rt'^4 0 
• ~4 0» ©a*«L, ~L S mftllOdB, pT 

SJtWS8S7 0i -7 0s ©MgfiA, ~a« tf^en€ 
no d BEW&£trCV*«#, HSRtfHe-ettJiffi 

e-^iiScSAp tfG^SAs t-aUTlr^S. 
[0 0 4 8] CCTf, G^SAs % 1 5 5 8 (im£$ 
Mt^i:, i9Sfc!-»»SAp tf 1 5 6 0 jim©S'$ t? 

^MSiiTO, ~7 0k ©MSMA, -As %5dB 

A r tf^SifefiAs E-K*-&Sci:tf 



^¥7- 1 5 4 3 3 8 



[0049] LfctfoT, m^oimmmxs tmm 

Ok*, <Dmm¥~?®.5Xr %mWT2>Z.£t> i ?Z2><D 
[0 0 5 0] H 7 fc, *Sffl80Jt5a®fiSfc«*» 

wio#ifig*^To c-o^ensis^tt, ^iitgio^sia 

332 Ot©Hfc!R»bftffiSI567r^'54 0, ~4 0n 
=S\ *8tii«8 3 0 , ~3 0» j^NgWcSEttl/T^So 
CCTftt, «f8f8«B3 0.-3 Oi *»V^T, 3iff^ 
1 0, •fgi^ffl^TW^ 0, ~4 0» &tfgfBg|2 0 
OF*3»i> ±ieH l fWJ£P$£^£ftT^3o 

[0 0 5 1] 08^ "^iltiiligg 3 0 1 ~30s £DS^ 
*^"To *«Htfflffi3 0i T?fct, l^amS 7 0 . CD 
tH*4S^7y^/^tfitItg5 0. jW8lH!Sft-CV&. Rl 

s%*ohhi 7 0, a, ttao^iffl»7 r-ftu o, a> 

o. KHtfrrs. #7;MV<afi|B§g5 0i ti % RraE)H* 

SS7 0. ^6©«^S1MB*G. U «lftO 

^MSH7 0, -7 0* Rtf^7^^iH#§5 0, ~ 

5o« ©rtg(5{±, ±mmimmMtmmimi$.izti-c^ 

[0 0 5 2] &fc s ft7 7-(V*ii)|i§g5 0i ~5 0. £ 

ft^ft-grrsj;?^ £1^77^^401 -40 

t4feftK, RHKJiaSSSS 7 0 1 ~7 0v tc&j&mt 

[0 0 5 3] ±f5S2ggfflM©ftffllC , C>^T8KI! 
[0 0 5 4] [ftRI$Mgg83 0i <DHJ^£5$gg§7 0» 1? 

a, iu©©ejSSffl^7ri'^4o«*6ifi«cbrx*L 
ftfl-^tf 3 y b>X7 i -cmmnto&o a u 

^-^l^yX7 l*»6©fl|«16l4, MSS RT^SP 7 3 CD 
rocDND7-<;V^74, 75 1?— Stf^tCSIt S 

ft, W6ft®0iitoftfcftJSLfcMgSA» T'i^g^ft 

its 3 y ]yyX7 2 T*t6tMZtlX9t77<<''WM 

5 0« fcltftfjSftS. 

[0055] tpmmm^s o, ®ft7 r-Y'ttmiB 5 o 



3 ammnm. 5 2 frz<Dmmnffifcttfci>f£y&mzii 

tb^jLfcEiie^tt, JtT4*yU-*5 5**M/Ofc7>f 



[0056] c<dvh&x\ nmm&m&io* frzom 

«ffl367r-f^5 7CX*U ^3rt?i&eL.fcE r 
fg^G Tf*ft€ft«li*ftSe ifi|iffl^7r-r^5 
3fc7*/l/#5 8fcA7jLT*l§#j!^£;*ftSo 3fe7f 

5 8 Ofc»Wtttt, ^Kti 5 9 X-ftWt 

a : ( 1 - a ) Xfttkiti&G 0 tf£|8:<D{ralJ3ft7 7^ 
/UOi, (C$HKLTtU?J*ft«. 3fcfctHS6 0*%£ 

as 6 0 * 5 0^#9fc*^TWWB**ffl*j U 

[0 0 5 7] C<DXo^B^M^3 0i ~3 0k 

W^^gS7 0,tJ;i?MSaA= 
ft^ ^77^/^^5 01 t?18i|B*Gi T-ifili^ft 

flt^ljKW+iWWJTf***^^ «**S«IWBSft 
[0 0 5 8] *»^ili§l3 0. *»6iilBLTtfl**nft 

fem, 3t7r>f/«INB«5 0i -eii(B^G 2 -etWiSft 

•fr sett AOs *7t^*iib»50i (omm^~^ 
««*«»wsE*ftT^s. ^(orctb, mmtfLfttmsT 

[0 0 5 9] UT, C«DJ:5fttt»IIUiilB*V ^©CUf? 
ClT, e3Mffl7 l £7 7-f'/^4 0« cDS^MLk left 

jStTMS*A« *^ft:$^5c:i:tci!?, %77-<* 

As t-a-raj;?^ «i^ms*ftTv^ 0 * 



# 6- 



8fHPP7- 1 5 4 3 3 8 



[0 0 6 0] U/itfoT, MWOfiSifcBAs #8EM 
[0 06 1] *«BBtt±BSIIIIi»W(Kll6nSti 

[0 0 6 2] ±gegg£j*0!-ea. Jt7r-Y/«9 

BiS^fiiBi: L,TN d : Y A G I/— ifSHtJB^* 
C£fc«fctK 3*7T-f/««BS*^vytii|i»tLTffl 

[0063] £fc, iiffiKSiswTfttx RfiE)ifi*aaw) 
[oo6 4] sfc, ±s^s»JT*a, -^©^awjfi 

[006 5] 

*flW3tt©ra8M*te-*r* <fc 5 tiR£*nrv > 
c tic* 5 , m^t(±a»ftjsB#tt*wbTiss*n 

[0 0 6 6] 3; ft, m^7fe©eSMfi^E*tlTfe, 



s©t% «^3t©e3aftt(im»K:fiis*nso 
[0 1 ] *swo«3i«»Kflt5» i n«e!i*^-r«^ 

[0 2] Hik:3j5'rjfciHSBfcfetJ*»1 : '»i!l«S§*^ , r 

[0 3] m2K7ttfffiiWgfflC&f&ft7T'f/Wm 
[0 4] H2t^-rt}i«Jii||SgK:43^S^ISJt»«»i& 

^r^0T*^So 

[06] f^ii^gfiic*i^5ti(gffl7ie7r'r/ i ?£07T'r 

[0 7] 2fe«W©31fiffi3l8tfll«^2|iaifif|*^-r«^ 
0T?&3 O 

[08] 07 \z7r<tymmmz%>tt%> ns*** 

2 0-S®fg\ 3 0, -3 0* -«« 
IfM. 4 0, ~4 0«-GaSffl3fc7r^, 5 0, ~5 
0. "•X77'f'tyfflgL 5 1-MWaHk 5 2HB» 
Mm, 5 5 4-^^f§, 5 5, 5 6- 

%T4V\s-%, ^1--Wm%77^)\ 5 8 
JJl#, 5 9-ffi}fflfc 6 0--3e*tfHBk'7 0i ~7 

0 S -nSZtftmLm, 7 1, 7 2-nU^-^pyX 

7 3-"if£gSwrgg|K 7 4, 7 5-ND7-fW 0 
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